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THESECRETARY OF HEALTH AND HUMAN SERVICES
WALHINGTON. D C 20201

The Honorable Thomas P. C'Neill, Jr.
Speaker of the House of Representatives
Washington, D.C. 20515

Cear Mr. Speaker:

It is a pleasure to transmit to the Congress the Surgeon
General's Report on the Health Consequences of Smoking, as
mandated by Section 8(a) of the Public Health Cigarette Smoking
Act of 1969. This is the Public Health Services' 16th report on
this topic anc, like all of the earlier Reports, it identifies
cigarette smoking as the chief preventable cause of death and
disability in our society.

The enclosed report deals with the relationship between smok-
ing and those disease conditions described as chronic obstructive
lung disease, particularly chronic bronchitis and emphysema.
These diseases significantly increase patient loads in hospitals
and other health care facilities and escalate this Netion's
health care costs, including expenditures under the Medicaid and
Medicare programs.

This report indicates that chronic obstructive lung diseases
can be reduced and, in the case of emphysema, almost eradicated,
if individuals stou cigarette smoking. Moreover, stopping smok-
ing also would prevent the enormous suffering and human loss now
well-known to be associated with smoking.

This Department has a strong and ongoing commitment to its
programmatic and research efforts in the field of disease preven-
tion. In our view, it is essential to apprise individuals of the
consequences of smoking. A central part of our efforts is to
identify ways to help smokers quit smoking, and to encourage
individuals, particularly the youth of this country, not to hegin
smoking.

Sincerely,

Secrftary
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FOREWORD

The 1984 Report on the Health Consequences of Smoking consti-
tutes a state-of-the-art review of the information currently available
regarding the occurrence and etiology of chronic obstructive lung
diseases. _

Traditionally, chronic bronchitis and emphysema have been
subsumed under the term chronic obstructive lung diseases (COLD).
It is now recognized that COLD comprises three separate, but often
interconnected, disease processes: (1) chronic mucus hypersecretion,
resulting in chronic cough and phlegm production; (2) airway
thickening and narrowing with expiratory airflow obstruction; and
(3) emphysema, which is an abnormal dilation of the distal airspaces
along with destruction of alveolar walls. The last two conditions can
develop into symptomatic ventilatory limitation.

Although there were scientific reports of a link between cigarette
smoking and respiratory symptoms as early as 1870, it was not until
the comprehensive review in the first Report of the Advisory
Committee to the Surgeon General in 1964 that the nature of the
observed association was officially recognized by the Public Health
Service.

At that time the committee concluded that

Cigarette smoking is the most important of the causes of chronic

bronchitis in the United States and increases the risk of dying from

chronic bronchitis and emphysema. A relationship exists between
cigarette smoking and emphysema, but it has not been established that
the relationship is causal.

On the basis of the evidence reviewed in this volume, we are now
able to reach a much stronger conclusion:

Cigarette smoking is the major cause of chronic obstructive lung

disease in the United States for both men and women. The

contribution of cigarette smoking to chronic obstructive lung
disease morbidity and mortality far outweighs all other factors.

The Importance of Chronic Obstructive Lung Disease

Previous Reports on the health consequences of smoking empha-
sized the impact of cigarette smoking on mortality from smoking-
related disease. It is estimated that more than 60,000 Americans
died last year owing to chronic obstructive respiratory conditions
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(chronic bronchitis, emphysema, and COLD and allied conditions).
From available epidemiologic and clinical evidence, it may be
reasonably estimated that approximately 80 to 90 percent of these
are attributable to smoking. Over 50,000 of the COLD deaths can
therefore be considered preventable and premature because these
individuals would not have died of COLD if they had not smoked.
While smoking-related COLD mortality is less than estimates for
smoking-related deaths due to coronary heart disease (170,000) and
those due to cancer (130,000), it nonetheless represents a significant
number of excess deaths.

COLD morbidity has a greater impact upon society than COLD
mortality. Death from COLD usually occurs only after an extended
period of disability, and many individuals with disability from COLD
will die from other causes before the disease progresses to a degree of
severity likely to cause death. The progressive loss of lung function
that characterizes COLD can lead to severe shortness of breath,
limiting the activity level. In recognizing the morbidity associated
with these diseases, it is important to realize that the frequency of
activity limitation with COLD exceeds that reported for any other
major disease category. In 1979, 52 percent of individuals with
emphysema reported that it limited their activity; 27 percent said it
resulted in one or more bed days that year; and 73 percent reported
at least one visit to a doctor during the preceding year due to
emphysema. Forty percent more people with emphysema than with
heart conditions reported limitation of activity. More recently, the
National Center for Health Statistics has estimated that over 10
million Americans suffer from either chronic bronchitis or emphyse-
ma.

The Changing Pattern of Mortality

The 1980 and 1982 Surgeon General’s Reports (The Health
Consequences of Smoking for Women and The Health Consequences of
Smoking: Cancer) reported a rapidly increasing rate of lung cancer
among women compared with the rate for men. As this Report
documents, the mortality ratio between men and women for COLD is
also narrowing. In just 10 years, while total deaths from COLD
increased from 33,000 in 1970 to 53,000 in 1980, the male-to-female
ratio narrowed from 4.3:1 in 1970 to 2.3:1 in 1980. This epidemic
increase in COLD among women reflects their later uptake of
smoking when compared with men.

Findings of the 1984 Report

The mortality ratios for COLD in cigarette smokers compared with
nonsmokers are as large as or larger than for lung cancer, the
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disease most people usually associate with smoking. In heavy
smokers, this risk can be as much as 30 times the risk in
nonsmokers. Perhaps even more important, in studies of cross-
sections of U.S. populations, cigarette smoking behavior is often the
only significant predictor for COLD. Even after 30 years of intensive
investigation, only cigarette smoking and a,-antiprotease deficiency
have been established as being able to cause COLD in the absence of
other agents.

The decline in lung function with age is steeper in smokers than in
nonsmokers, and the rate of decline increases with an increasing
number of cigarettes smoked per day. This excess decline in lung
function in smokers reflects the progressive lung damage that can
eventually lead to symptoms of COLD and ultimately death.
Therefore, it is not surprising that the risk of death from COLD
increases with an earlier age of smoking initiation, number of
cigarettes smoked per day, and deep inhalation of the smoke.

Abnormal lung function can be demonstrated in some cigarette
smokers within a few years of smoking initiation. These changes
initially reflect inflammation in the small airways of the lung and
may reverse with cessation. Beginning in their late twenties, some
smokers start to develop abnormal measures of expiratory airflow,
an excess decline in lung function that continues as long as they
continue to smoke. Some of these smokers will develop enough
functional loss to become symptomatic, and some of those who
become symptomatic will develop enough functional loss to die of
COLD. When the smoker quits, the rate of functional decline slows,
but there is little evidence to suggest that the smoker can regain the
function that has been lost.

We are also beginning to understand that the impact of cigarette
smoke on the lung is not limited to the active smoker. Children of
smoking parents have an increased risk of bronchitis and pneumonia
early in life, and seem to have a small, but measurable, difference in
the growth of lung function.

One of the major advances described in this volume is in the
understanding of the mechanisms by which cigarette smoking causes
COLD, particularly emphysema. There is now a clear, plausible
explanation of how emphysema might result from cigarette smoking.
The inflammatory response to cigarette smoke results in an in-
creased number of inflammatory cells being present in the lungs of
cigarette smokers. These cells can increase the amount of elastase in
the lung, and elastase is capable of degrading elastin, one of the
structural elements of the lung. In addition, cigarette smoke is
capable of oxidative inactivation of «,-antiprotease, a protein
capable of blocking the action of elastase. The net result is an excess
of elastase activity, degradation of elastin in the lung, destruction of
alveolar walls, and the development of emphysema.
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Research scientists continue to expand our understanding of the
process by which cigarettes damage the lung, but the important
public health focus must shift to how to prevent children from
becoming cigarette smokers and how to help those who now smoke to
quit.

Helping Smokers Quit

Smokers can realize a substantial health benefit from quitting
smoking, no matter how long they have smoked. As this Report
states, sufficient evidence now exists to document lung function
improvement in smokers who have quit. Ex-smokers can look
forward to improved future health, avoiding long-term and possibly
severe disability, or even death, from COLD.

Two chapters in this Report summarize research studies using two
vastly different cessation approaches. One focuses on the role of
physicians in assisting patient populations to quit smoking; the other
looks at communitywide intervention programs. Both can have a
significant impact on reducing the number of smokers in our
population.

In January of this year, the Food and Drug Administration
approved a nicotine chewing gum that physicians can prescribe for
their patients as an aid to cessation. Studies have shown encouraging
results when the gum is used as part of a complete behavior
modification program. It must be cautioned, however, that nicotine
chewing gum is not a magic cure. Smokers must be strongly
motivated to quit or they are unlikely to meet with long-term
success.

Public Attitudes and Knowledge

In 1981, a Federal Trade Commission staff report on cigarette
advertising revealed that a sizable portion of the population is not
aware of the link between cigarette smoking and chronic bronchitis
and emphysema. The report cited a 1980 Roper survey finding that
59 percent of the population, including 63 percent of smokers, did not
know that smoking causes most cases of emphysema. Over a third of
the general population and almost 40 percent of smokers do not
know that smoking causes many cases.

It is quite clear that physicians and other health professionals
must redouble their efforts to persuade more smokers to quit. As in
previous years, I call upon all segments of the health care communi-
ty to provide assistance and encouragement in whatever way
possible to reduce the health impact of cigarette smoking on our
society, by helping their patients to quit smoking and by encouraging
our young people not to take up the habit. It is only through efforts
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such as these that we can reduce our country’s terrible burden of
disability and death due to cigarette smoking.

Edward N. Brandt, Jr., M.D.
Assistant Secretary for Health
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PREFACE

This Report The Health Consequences of Smoking: Chronic Ob-
structive Lung Disease completes an examination by the Public
Health Service of the three principal disease entities associated with
cigarette smoking. In 1982, the Service presented an in-depth review
of tobacco’s relationship to cancer, and in 1983, a review of its
relationship to cardiovascular disease. This 1984 Report evaluates
the contribution that tobacco makes to the suffering and premature
deaths due to the chronic obstructive lung diseases, including
emphysema and chronic bronchitis.

Cigarette smoking is causally related to chronic obstructive lung
disease, just as it is to cancer and coronary heart disease; severe
emphysema would be rare were it not for cigarette smoking. The
evidence presented in this Report supports my judgment and the
judgment of five preceding Surgeons General that cigarette smoking
is the chief, single, avoidable cause of death in our society and the
most important public health issue of our time.

This Report, as were all previous Surgeon General’s Reports
dealing with cigarette smoking, is the work of many experts both
within and outside the Federal establishment. To these authors,
editors, and reviewers I again express my great respect and sincere
thanks.

C. Everett Koop, M.D.
Surgeon General
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Introduction
Organization and Development of the 1984 Report

Each year the Office on Smoking and Health (OSH), working in
close collaboration with scientists, researchers, and others, compiles
the annual Surgeon General’s Report The Health Consequences of
Smoking for submission to the U.S. Congress as part of the
Department’s responsibility to report new and current information
on the topic as required under Public Law 91-222. This Report is the
third to examine in detail specific disease entities related to
smoking. The 1982 Report was a comprehensive assessment of the
relationship between tobacco use and various cancers, and the 1983
Report examined this relationship for cardiovascular diseases. The
1984 volume represents a state-of-the-art comprehensive review of
tobacco use and the development of chronic obstructive lung
diseases.

The scientific content of this Report is the work of experts in the
field of chronic obstructive lung disease research both within the
Department of Health and Human Services and from outside the
Federal Government. Individual manuscripts were written by ex-
perts who are nationally and internationally recognized for their
scientific understanding of the etiology of chronic obstructive lung
diseases, particularly the relationship with cigarette use.

Manuscripts received from authors were extensively reviewed by
numerous outside experts familiar with these specific areas. The
entire Report was then submitted to a broad-based panel of 11
distinguished lung disease experts and to experts within the U.S.
Public Health Service for their review and comments.

The 1984 Report includes a Foreword by the Assistant Secretary
for Health of the Department of Health and Human Services and a
Preface by the Surgeon General of the U.S. Public Health Service.
The body of the Report consists of 10 chapters, as follows:

e Chapter 1. Introduction, Overview, and Conclusions

e Chapter 2. Effect of Cigarette Smoke Exposure on Mea-
sures of Chronic Obstructive Lung Disease
Morbidity

e Chapter 3. Mortality From Chronic Obstructive Lung Dis-
ease Due to Cigarette Smoking

e Chapter 4. Pathology of Lung Disease Related to Smoking

e Chapter 5. Mechanisms by Which Cigarette Smoke Alters
the Structure and Function of the Lung

e Chapter 6. Low Yield Cigarettes and Their Role in Chronic
Obstructive Lung Disease

o Chapter 7. Passive Smoking

e Chapter 8. Deposition and Toxicity of Tobacco Smoke in
the Lung



e Chapter 9. Role of the Physician in Smoking Cessation
o Chapter 10. Community Studies of Smoking Cessation and
Prevention

Historical Perspective

The relationship between cigarette smoking and chronic obstruc-
tive lung disease (COLD) was among the first recognized and is now
the best understood of the diseases caused by smoking. Sigmund
reported as early as 1870 that heavy smokers suffered “affections” of
the nose, mouth, and throat more frequently and in a more virulent
fashion. In 1897, Mendelssohn reported the incidence of “affections”
of the respiratory tract to be 60 percent greater in smokers than in
nonsmokers, as well as somewhat greater in those who inhaled
compared with smokers who did not inhale.

Overview

Scientists from a variety of disciplines have investigated the role of
cigarette smoking in the development of COLD; today we can trace
the progressive decline in lung function in smokers with increasing
smoke exposure, describe the concurrent pathologic changes, demon-
strate that both COLD prevalence and COLD death are limited
largely to smokers, and describe in detail a plausible mechanism by
which cigarette smoking can lead to the development of emphysema.
Some gaps in the understanding of the details of this process may
still exist, but the experimental and epidemiologic evidence leaves
no room for reasonable doubt on the fundamental issue: cigarette
smoking is the major cause of COLD in the United States.

The earliest recognized response to cigarette smoke is an increase
in airway resistance that occurs with the inhalation of smoke by the
smoker. This increase in resistance is a response to the irritants in
the smoke, as is coughing, which is more frequent in smokers than in
nonsmokers, even among adolescents. By the time smokers become
young adults, a substantial proportion of them will have developed
pathologic changes in their small airways. These abnormalities are
demonstrable using a variety of physiologic tests, and are a result of
pathologic changes or inflammation in the airways less than 2 mm
in diameter. Part of this small airways response, but perhaps a later
manifestation of it, is the development of smooth muscle hypertro-
phy, goblet cell hyperplasia, and mild peribronchiolar fibrosis. The
prevalence of abnormalities on tests of small airways function
increases as these young smokers grow older, and is greater in heavy
smokers than in light smokers. While it is clear that changes in the
small airways represent an early response to cigarette smoking and
that they are a significant finding in the pathophysiology of COLD, it
is not clear that abnormal function of the small airways, per se, is
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useful as a marker for identifying who will progress to develop
symptomatic COLD. It may identify a large group of smokers who
manifest an irritant response to smoke in the small airways, of
whom only a subset actually develop symptomatic airflow obstruc-
tion.

Measurable differences in tests of expiratory airflow exist between
smokers and nonsmokers after age 25. Smokers as a group have a
more rapid decline in FEV, with age than that observed in
nonsmokers, and the decline is even greater among heavy smokers.
However, this increased rate of decline in lung function is not
distributed evenly, even among smokers with similar smoking
histories. Some smokers have a far more rapid decline than the
average smoker, and clearly those individuals who have developed
symptomatic chronic airflow obstruction have had a larger total
decline in lung function than the average smoker. This has led to the
suggestion that individuals with a particularly rapid decline in FEV,
early in life may represent a group especially susceptible to the later
development of symptomatic COLD. The nature of this susceptibility
remains unclear, but differences in depth or pattern of inhalation,
variations in the cellular and biochemical response of the lung to
smoke, differences in immune or repair mechanisms, and childhood
infections or exposure to environmental tobacco smoke as a child
have been suggested as potential factors.

The accumulation of lung damage, marked by the excess decline in
FEV, and other measures of expiratory airflow, can lead to shortness
of breath and other symptoms that characterize clinically significant
COLD. These symptoms can result in disability due to ventilatory
limitation and may vary from patient to patient in severity and
duration. Many patients with clinically disabling COLD die with the
disease rather than because of it. Death from COLD usually results
only after extensive lung damage and commonly occurs because of
failure of the severely damaged lungs to maintain adequate gas
exchange.

The cessation of cigarette smoking has a substantial salutary
impact on the incidence and progression of COLD. Cigarette smokers
who quit prior to developing abnormal lung function are unlikely to
go on to develop ventilatory limitation; when the abnormalities are
demonstrable only on tests of small airways function, cessation often
results in a reversal of these changes and a return to normal
function. The presence of significant fixed reduction in measures of
expiratory airflow usually reflects the presence of substantial lung
damage. Cessation of smoking at this stage of COLD results in a
slowing in the rate of decline in lung function with age, in
comparison with that in continuing smokers. After a period of
cessation, this rate of decline in function may approximate the rate
found in nonsmokers, but there is little evidence to suggest that
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those who quit are able to regain their prior excess functional loss.
Therefore, those who quit continue to have reduced lung function
when compared with those who have never smoked, but their lung
function begins to decline less rapidly with age when compared to
the lung function of those who continue to smoke.

The importance of cigarette smoking as a causative factor in
COLD is emphasized by cross-sectional studies of populations in the
United States where often the only major predictor for developing or
dying of COLD is smoking behavior. In the absence of cigarette
smoking, clinically significant COLD is rare.

As the smoker enters the sixth decade of life, pathologically
definable pulmonary emphysema begins to become evident. In older
age groups, mild to moderate emphysema is present in most smokers
and is rare in nonsmokers. Once again, however, only a small
percentage of smokers develop severe emphysema; this minority
includes a disproportionate number of heavy smokers.

A mechanism for smoking-induced emphysematous lung injury
has been proposed and continues to evolve as our understanding of
cellular and biochemical responses of the lung increases. Emphyse-
ma can be produced by the presence of excessive amounts of elastase
(an enzyme capable of degrading the structural elements of lung
tissue) or by the absence of a,-antiprotease (a protein that inhibits
the action of elastase). As part of the inflammatory response to
cigarette smoke, an increased number of inflammatory cells are
present in the lungs of smokers; these cells may result in an
increased amount of elastase being present in the lung. In addition,
cigarette smoke can oxidize the a,-antiprotease in the lung, further
contributing to the imbalance between levels of elastase and levels of
a;-antiprotease. The net result can be excess elastase activity,
leading to degradation of elastin in the lung, destruction of alveolar
walls, and development of emphysema.

The text of this Report discusses in detail the relationship of
cigarette smoking to COLD morbidity and mortality, the pathology
of smoking-induced COLD, some of the mechanisms by which
smoking results in COLD, the impact on the lung of low tar and
nicotine cigarettes and of involuntary smoke exposure, the deposi-
tion and toxicology of tobacco smoke, and the role of the physician
and of community intervention programs in smoking cessation.

The overall conclusion of this Report is clear: Cigarette smoking
is the major cause of chronic obstructive lung disease in the
United States for both men and women. The contribution of
cigarette smoking to chronic obstructive lung disease morbidi-
ty and mortality far outweighs all other factors.
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Conclusions of the 1984 Report
COLD Morbidity

1.

6.

Cigaretie smoking is the major cause of COLD morbidity in the
United States; 80 to 90 percent of COLD in the United States is
attributable to cigarette smoking.

.In population-based studies in the United States, cigarette

smoking behavior is often the only significant predictor for the
development of COLD. Other factors improve the predictive
equation only slightly, even in those populations where they
have been found to exert a statistically significant effect.

.In spite of over 30 years of intensive investigation, only

cigarette smoking and a,-antiprotease deficiency (a rare genet-
ic defect) are established causes of clinically significant COLD
in the absence of other agents.

. Within a few years after beginning to smoke, smokers experi-

ence a higher prevalence of abnormal function in the small
airways than nonsmokers. The prevalence of abnormal small
airways function increases with age and the duration of the
smoking habit, and is greater in heavy smokers than in light
smokers. These abnormalities in function reflect inflammatory
changes in the small airways and often reverse with the
cessation of smoking.

. Both male and female smokers develop abnormalities in the

small airways, but the data are not sufficient to define possible
sex-related differences in this response. It seems likely, how-
ever, that the contribution of sex differences is small when age
and smoking exposure are taken into account.

There is, as yet, inadequate information to allow a firm
conclusion to be drawn about the predictive value of the tests of
small airways function in identifying the susceptible smoker
who will progress to clinical airflow obstruction.

. Smokers of both sexes have a higher prevalence of cough and

phlegm production than nonsmokers. This prevalence in-
creases with an increasing number of cigarettes smoked per
day and decreases with the cessation of smoking.

. Differences between smokers and nonsmokers in measures of

expiratory airflow are demonstrable by young adulthood and
increase with number of cigarettes smoked per day.

. The rate of decline in measures of expiratory airflow with

increasing age is steeper for smokers than for nonsmokers; it is
also steeper for heavy smokers than for light smokers. After
the cessation of smoking, the rate of decline of lung function
with increasing age appears to slow to approximately that seen
in nonsmokers of the same age. Only a minority of smokers will
develop clinically significant COLD, and this group will have
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demonstrated a more extensive decline in lung function than
the average smoker. The data are not yet available to
determine whether a rapid decline in lung function early in life
defines the subgroup of smokers who are susceptible to
developing COLD.

10. Clinically significant degrees of emphysema occur almost

exclusively in cigarette smokers or individuals with genetic
homozygous a,-antiprotease deficiency. The severity of em-
physema among smokers increases with the number of ciga-
rettes smoked per day and the duration of the smoking habit.

COLD Mortality

10

1.

Data from both prospective and retrospective studies consis-
tently demonstrate a uniform increase in mortality from COLD
for cigarette smokers compared with nonsmokers. Cigarette
smoking is the major cause of COLD mortality for both men
and women in the United States.

. The death rate from COLD is greater for men than for women,

most likely reflecting the differences in lifetime smoking
patterns, such as a smaller percentage of women smoking in
past decades, and their smoking fewer cigarettes, inhaling less
deeply, and beginning to smoke later in life.

. Differences in lifetime smoking behavior are less marked for

younger age cohorts of smokers. The ratio of male to female
mortality from COLD is decreasing because of a more rapid rise
in mortality from COLD among women.

.The dose of tobacco exposure as measured by number of

cigarettes or duration of habit strongly affects the risk for
death from COLD in both men and women. Similarly, people
who inhale deeply experience an even higher risk for mortality
from COLD than those who do not inhale.

. Cessation of smoking leads eventually to a decreased risk of

mortality from COLD compared with that of continuing
smokers. The residual excess risk of death for the ex-smoker is
directly proportional to the overall lifetime exposure to ciga-
rette smoke and to the total number of years since one quit
smoking. However, the risk of COLD mortality among former
smokers does not decline to equal that of the never smoker
even after 20 years of cessation.

6. Several prospective epidemiologic studies examined the rela-

tionship between pipe and cigar smoking and mortality from
COLD. Pipe smokers and cigar smokers also experience higher
mortality from COLD compared with nonsmokers; however,
the risk is less than that for cigarette smokers.

7. There are substantial worldwide differences in mortality from

COLD. Some of these differences are due to variations in



terminology and in death certification in various countries.
Emigrant studies suggest that ethnic background is not the
major determinant for mortality risk due to COLD.

Pathology of Cigarette-Induced Disease

1. Smoking induces changes in multiple areas of the lung, and the
effects in the different areas may be independent of each other.
In the bronchi (the large airways), smoking results in a modest
increase in size of the tracheobronchial glands, associated with
an increase in secretion of mucus, and in an increased number
of goblet cells.

2. In the small airways (conducting airways 2 or 3 mm or less in
diameter consisting of the smallest bronchi and bronchioles) a
number of lesions are apparent. The initial response to
smoking is probably inflammation, with associated ulceration
and squamous metaplasia. Fibrosis, increased muscle mass,
narrowing of the airways, and an increase in the number of
goblet cells follow.

3. Inflammation appears to be the major determinant of small
airways dysfunction and may be reversible after cessation of
smoking.

4. The most obvious difference between smokers and nonsmokers
is respiratory bronchiolitis. This lesion may be an important
cause of abnormalities in tests of small airways function, and
may be involved in the pathogenesis of centrilobular emphyse-
ma. The severity of emphysema is clearly associated with
smoking, and severe emphysema is confined largely to smok-
ers.

Mechanisms of COLD

1. Increased numbers of inflammatory cells are found in the
lungs of cigarette smokers. These cells include macrophages
and, probably, neutrophils, both of which can release elastase
in the lung.

2. Human neutrophil elastase produces emphysema when in-
stilled into animal lungs.

3. Alpha,-antiprotease inhibits the action of elastase, and a very
small number of people with a homozygous deficiency of ;-
antiprotease are at increased risk of developing emphysema.
The a;-antiprotease activity has been shown to be reduced in
the bronchoalveolar fluids obtained from cigarette smokers
and from rats exposed to cigarette smoke.

4. The protease-antiprotease hypothesis suggests that emphyse-
ma results when there is excess elastase activity as the result
of increased concentrations of inflammatory cells in the lung
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and of decreased levels of a,-antiprotease secondary to oxida-
tion by cigarette smoke.

. Cigarette smokers have been shown to have a more rapid fall in

antibody levels following immunization for influenza than
nonsmokers. Whole cigarette smoke has been shown to depress
the number of antibody-forming cells in the spleens of experi-
mental animals.

. Cigarette smoke produces structural and functional abnormali-

ties in the airway mucociliary system.

. Short-term exposure to cigarette smoke causes ciliostasis in

vitro, but has inconsistent effects on mucociliary function in
man. Long-term exposure to cigarette smoke consistently
causes an impairment of mucociliary clearance. This impair-
ment is associated with epithelial lesions, mucus hypersecre-
tion, and ciliary dysfunction.

. Chronic bronchitis in smokers and ex-smokers is characterized

by an impairment of mucociliary clearance.

.Both the particulate phase and the gas phase of c1garette

smoke are ciliotoxic.

Tar and Nicotine Cigarettes

. The recommendation for those who cannot quit to switch to

smoking cigarette brands with low tar and nicotine yields, as
determined by a smoking-machine, is based on the assumption
that this switch will result in a reduction in the exposure of the
lung to these toxic substances. The design of the cigarette has
markedly changed in recent years, and this may have resulted
in machine-measured tar and nicotine yields that do not reflect
the real dose to the smoker.

. Smoking-machines that take into account compensatory

changes in smoking behavior are needed. The assays could:
provide both an average and a range of tar and nicotine yields
produced by different individual patterns of smoking.

. Although a reduction in cigarette tar content appears to reduce

the risk of cough and mucus hypersecretion, the risk of
shortness of breath and airflow obstruction may not be
reduced. Evidence is unavailable on the relative risks of
developing COLD consequent to smoking cigarettes with the
very low tar and nicotine yields of current and recently
marketed brands.

. Smokers who switch from higher to lower yield cigarettes show

compensatory changes in smoking behavior: the number of
puffs per cigarette is variably increased and puff volume is
almost universally increased, although the number of ciga-
rettes smoked per day and inhalation volume are generally



unchanged. Full compensation of dose for cigarettes with lower
yields is generally not achieved.

5. Nicotine has long been regarded as the primary reinforcer of
cigarette smoking, but tar content may also be important in
determining smoking behavior.

6. Depth and duration of inhalation are among the most impor-
tant factors in determining the relative concentration of smoke
constituents that reach the lung. Considerable interindividual
variation exists between smokers with respect to the volume
and duration of inhalation. This variation is likely to be an
important factor in determining the varying susceptibility of
smokers to the development of lung disease.

7. Production of low tar and nicotine cigarettes has progressed
beyond simple reduction in tobacco content. Additives such as
artificial tobacco substitutes and flavoring extracts have been
used. The identity, chemical composition, and adverse biologi-
cal potential of these additives are unknown at present.

Passive Smoking

1. Cigarette smoke can make a significant, measurable contribu-
tion to the level of indoor air pollution at levels of smoking and
ventilation that are common in the indoor environment.

2. Nonsmokers who report exposure to environmental tobacco
smoke have higher levels of urinary cotinine, a metabolite of
nicotine, than those who do not report such exposure.

3. Cigarette smoke in the air can produce an increase in both
subjective and objective measures of eye irritation. Further,
some studies suggest that high levels of involuntary smoke
exposure might produce small changes in pulmonary function
in normal subjects.

4. The children of smoking parents have an increased prevalence
of reported respiratory symptoms, and have an increased
frequency of bronchitis and pneumonia early in life.

5. The children of smoking parents appear to have measurable
but small differences in tests of pulmonary function when
compared with children of nonsmoking parents. The signifi-
cance of this finding to the future development of lung disease
is unknown,

6. Two studies have reported differences in measures of lung
function in older populations between subjects chronically
exposed to involuntary smoking and those who were not. This
difference was not found in a younger and possibly less exposed
population.

7. The limited existing data yield conflicting results concerning
the relationship between passive smoke exposure and pulmo-
nary function changes in patients with asthma.
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Deposition and Toxicity of Tobacco Smoke in the Lung

1

1.

4.

5.

6
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cigarette smoke has been measured to average approximately
0.46 um, and particulate concentrations have been shown to
range fror 0.3 X 10° to 3.3 X 10° per milliliter.

. The particulate concentration of the smoke increases as the

cigarette is more completely smoked.

. Particles in the size range of cigarette smoke will deposit both

in the airways and in alveoli; models predict that 30 to 40
percent of the particles within the size range present in
cigarette smoke will deposit in alveolar regions and 5 to 10
percent will deposit in the tracheobronchial region.

Acute exposure to cigarette smoke results in an increase in
airway resistance in both animals and humans.

Exposure to cigarette smoke results in an increase in pulmo-

nary epithelial permeability in both humans and animals.

. Cigarette smoke has been shown to impair elastin synthesis in

vitro and elastin repair in vivo in experimental animals
(elastin is a vital structural element of pulmonary tissue).

Role of the Physician in Smoking Cessation

14

1.

At least 70 percent of North Americans see a physician once a
year. Thus, an estimated 38 million of the 54 million adults in
the United States who smoke cigarettes could be reached
annually with a smoking cessation message by their physician.

. Current smoking prevalence among physicians in the United

States is estimated at 10 percent.

. While the majority of persons who smoke feel that physician

advice to quit or cut down would be influential, there is a
disparity between physicians’ and patients’ estimates of cessa-
tion counseling, with physician advice being reported by only
approximately 25 percent of current smokers.

. Studies of routine (minimal) advice to quit smoking delivered

by general practitioners have shown sustained quit rates of
approximately 5 percent. Followup discussions enhance the
effects of physician advice.

. A median of 20 percent of pregnant women who smoke quit

spontaneously during pregnancy. That proportion can be
doubled by an intervention consisting of health education,
behavioral strategies, and multiple contacts.

. Large controlled trials of cardiovascular risk reduction have

demonstrated that counseling on individual specific risk fac-
tors, including smoking cessation techniques, can be effective.

.Studies of pulmonary and cardiac patients indicate that

severity of illness is positively related to increased compliance



in smoking cessation. Survivors of a myocardial infarction have
smoking cessation rates averaging 50 percent.

8. Nicotine chewing gum has been developed as a pharmacologi-
cal aid to smoking cessation, primarily to alleviate withdrawal
symptoms. Cessation studies conducted in offices of physicians
who prescribe the gum have produced mixed results, however,
with outcome depending on motivation and intensity of adjunc-
tive support or followup.

9. Physician-assisted intervention quit rates vary according to the
type of intervention, provider performance, and patient group.
In general, quit rates in recent research appear to be lower
than in older studies.

Community Studies of Smoking Cessation and Prevention

1. Community studies of smoking cessation and prevention are
becoming an established paradigm for public health action
research. Such studies emphasize large-scale delivery systems,
such as the mass media, and include community organization
programs seeking to stimulate interpersonal communication in
ways that are feasible on a large-scale basis.

2. Although there are methodological limitations to nearly all
communitywide studies, the results yield fairly consistent
positive results, indicating that large-scale programs to reduce
smoking can be effective in whole populations. Person-to-
person communication appears to be a necessary part of a
successful community program to reduce smoking.

3. Further research is needed, with both improved methodology
and more emphasis on low socioeconomic status groups that
have not yet shown population trends toward reduced smoking.

4. Several promising directions for research are clear, but the
most important future trends will be toward the establishment
of smoking reduction programs within existing health services,
the combination of chronic disease prevention with mental
health promotion via mass media and community intervention,
and the development of social policy to establish integrated
strategies for smoking cessation and prevention.
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CHAPTER 2. EFFECT OF CIGARETTE
SMOKE EXPOSURE ON
MEASURES OF
CHRONIC
OBSTRUCTIVE LUNG
DISEASE MORBIDITY
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INTRODUCTION

This chapter describes the sequential development of smoking-
induced chronic lung disease, traced from the early structural
changes limited to the small airways to the severe and widespread
changes involving the small airways, large airways, and lung
parenchyma. Chronic obstructive lung disease (COLD) develops
relatively slowly, and the progression of lung injury and alterations
in function can be followed using an individual smoker’s symptoms
and performance on a variety of pulmonary function tests. Early in
the duration of the smoking behavior, a person may be asymptomat-
ic, but often there are abnormalities demonstrable in the small
airways that probably represent an inflammatory response to the
constituents of cigarette smoke. Later, usually after 20 or more years
of smoking, a constellation of symptoms and functional changes may
develop, particularly in heavy smokers and in those who will later
develop clinically significant COLD. The clinical picture of cigarette-
induced chronic lung injury includes three separate, but often
interconnected, disease processes. They are (1) chronic mucus
hypersecretion (cough and phlegm), (2) airway narrowing with
expiratory airflow obstruction, and (3) abnormal dilation of the distal
airspaces with destruction of alveolar walls (emphysema). Patients
with severe COLD commonly have some degree of all three pro-
cesses, but individual patients vary significantly in the relative
contribution of the processes to their overall disease state.

Some alteration in lung structure or function is demonstrable in
the majority of long-term smokers, but only a minority of smokers
will develop clinically limiting COLD. In fact, only 10 to 15 percent
of smokers will develop moderate or severe airflow obstruction
(Bates 1973; Fletcher et al. 1976).

This chapter details the relationship between cigarette smoking
and morbidity from COLD. The relationship of cigarette smoking to
changes in the small airways is described first, followed by discussion
of the role of smoking to chronic mucus hypersecretion, chronic
airflow obstruction, and emphysema.
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EARLY CHANGES IN RESPONSE TO CIGARETTE SMOKING

The tests of small airways function were developed in the late
1960s and early 1970s, and grew out of a series of studies calling
attention to the functional importance of disease in the small
airways. Macklem and Mead (1967) predicted that there could be
considerable peripheral airway obstruction that might influence the
distribution of ventilation but would have little effect on lung
mechanisms; subsequently, Anthonisen et al. (1968) and Ingram and
Schilder (1967) demonstrated the existence of early functional
changes in smokers. These investigators showed that in a group of
patients with clinically mild chronic bronchitis and normal lung
function measured by spirometric tests, all had abnormalities of
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regional gas exchange, as determined by Xenon!®. They attributed

this finding to peripheral airway disease and suggested that the
functionally important lesion in chronic bronchitis may be in the
small airways. Brown and coworkers (1969), using excised lobes of
dog and pig lung, demonstrated that considerable obstruction may be
present in the airways smaller than 2 mm with little or no effect on
overall pulmonary resistance. Hogg and coworkers (1968), using a
retrograde catheter technique, measured central and peripheral
airway resistance in excised normal and emphysematous human
lungs and found that the peripheral airway resistance (accounting
for only 25 percent of total airway resistance in the normal lungs
(Macklem and Mead 1967)) was greatly increased in the lungs with
emphysema. In an early structure-function correlation study, these
investigators correlated the physiologic findings with histologic and
bronchographic evidence of mucus plugging and narrowing and
obliteration of small airways. Woolcock and coworkers (1969) report-
ed that a group of bronchitic subjects with normal responses to
routine lung function tests (lung volumes, flow rates, and diffusing
capacity) demonstrated a decrease in the dynamic-to-static compli-
ance ratio with increasing breathing frequency. These studies
provided clear evidence that there can be measurable obstruction in
airways 2 mm in diameter or smaller with little or perhaps no
detectable influence on total airway resistance, and, therefore, on
lung function measured by conventional tests such as lung volumes,
spirometry, and diffusing capacity.

With the concept of small airways disease firmly established, a
number of new tests considered capable of detecting the abnormality
were introduced, along with reinterpretation of existing tests. The
new measures included frequency dependence of compliance, the
single breath N:test for the measurement of closing volumes (closing
volume as a percent of vital capacity [CV/VC%] and closing capacity
as a percent of total lung capacity [CC/TLC%]), the slope of the
alveolar plateau, maximal expiratory flow volume (MEFV) curves
using gases of different.densities, and moment analysis of the forced
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expiration. The measurements obtained from the MEFV curve,
breathing gases of different densities, are (a) the difference in
maximal flow at 50 and 75 percent of the forced vital capacity
breathing air and breathing a helium-oxygen (HeQ:) mixture
(AV maxsor and AV7s2), and (b) a measurement of the lung volume at
which the air and HeO: curves cross, the volume of isoflow (VisoV).
Tests already in common use included the volume-time curve (the
spirogram) and the MEFV curve breathing air. The measurements
obtained from standard tests that were thought to be sensitive to
mild airflow obstruction are (a) from the spirogram, the forced
expiratory flow between 75 and 85 percent.of the forced vital
capacity (FEF7.ss%); and (b) from the MEFV curve: maximal flow at
50 and 75 percent of the forced vital capacity, Vmax 50% and Vmax 75.

The important question of structure-function correlation in tests
of small airways function has received much attention over the past
5 years, and has been addressed via a series of attempts to correlate
physiologic tests with the actual structural changes observed in lobes
or lungs obtained at thoracotomy or post mortem.

Fulmer and coworkers (1977) correlated measurements of dynamic
compliance with measurements of small airway diameter obtained
from lung biopsies in patients with idiopathic pulmonary fibrosis.
These investigators demonstrated a highly significant correlation
between dynamic compliance and an overall estimate of small
airways diameter.

Cosio and coworkers (1978) and Berend et al. (1979) did pulmonary
function tests before lung resection and correlated the function tests
with morphologic abnormalities that divided the subjects into four
groups based on increasing degree of pathologic change. They found
that an index of overall histologic small airways disease could be
related to CC/TLC, VisoV, and the slope of the alveolar plateau of
the single breath N: test (Figure 1); inflammation, fibrosis, and
squamous metaplasia were the most important lesions. The impor-
tant conclusions that can be drawn from this study are that
abnormalities of both spirometry and the special tests of small
airways function are associated with structural changes in the
peripheral airways, and that inflammation is the most important
cause of obstruction to flow in small airways dysfunction.

Berend and coworkers (1979) noted a significant relationship
between narrowing of the peripheral airways and CV/VC and
FEF25 75%. In contrast to the study of Cosio et al. (1978), the slope of
the alveolar plateau did not correlate with peripheral airway
narrowing, and the volume of isoflow was essentially useless because
of its high variability. They found that the FEV, was also related to
peripheral airway narrowing.

Berend (1982) has recently provided new information by reanalysis
and expansion of his earlier study. In measurements of small and
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TABLE 1.—Correlation coefficients (r) between morphologic
variables and tests of pulmonary function

Slope

FEV, MMFR Vso RL phase III CV/VC T.CO

Bronchiolar diameter 0.28 0.37 048! -0.36 —0.06 -0.03 0.20

Total path score ~039  —042' -048! 0.03 0.22 0.30 -

Inflammation score  —055' -046' -041 0.17 0.61* 0.50! —

Reid index -050"  -041 -0.34 0.31 0.06 007 ~037

Emphysema -033 —045' —043 0.28 0.45 019 -~0.72°
'P<0.06.
*P<0.01
*P<0.001.

large airway lesions, he found that inflammation correlates best
with the slope of the alveolar plateau, FEV),, CV/VC, and the

FEF25 5% (Table 1).

Petty and coworkers (1981) studied a younger group of subjects
(average age, 32) who came to autopsy. They found that inflamma-
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tion and increased muscle in the small airways correlate with
CC/TLC and that the slope of the alveolar plateau correlates with

inflammation, increased muscle in the small airways, and increased

intraluminal cells and mucus.

Berend and Thurlbeck (1982) obtained volume-pressure and
MEFV curves with air and HeQO:in 25 excised human lungs obtained
at autopsy from nonhospitalized patients (age 57, =13 years) who
died suddenly from nonrespiratory causes. The emphysema grade
was measured, and the total pathological score was determined from
four variables: inflammation, smooth muscle hyperplasia, fibrosis,
and pigmentation. Correlations were then made between the mea-
surements obtained from the MEFV curves with air and HeO: and
the morphology. A significant correlation was obtained between
maximal flow (Vmes) and the inflammation score, fibrosis score, and
emphysema grade. Small airways dimensions correlated poorly with
Vimax 75% 8nd Vimax s0%, and VisoV showed no significant correlation
with any small airways measurement or score.

Cosio and coworkers (1980) have also studied lungs obtained at
autopsy, but did not attempt to provide structure—function correla-
tion. They examined the lungs of smokers and nonsmokers and
showed that structural changes in the small airways are more severe
in smokers than in nonsmokers, with the main lesions being
inflammation, goblet cell metaplasia, and hypertrophied muscle. In
smokers, all the airways less than 2 mm were about equally
involved. This study used slightly older subjects than an earlier
study by the same investigators. In the earlier study, goblet cell
metaplasia, increased smooth muscle, and airway narrowing were
not observed, suggesting that perhaps these lesions are a later stage
in the evolution of the response to injury in the small airways.

In another study of lungs obtained at autopsy, Salmon and
coworkers (1982) correlated morphologic measurements of the cen-
tral and peripheral airways and the alveolar surface-to-volume ratio
with the slope of the alveolar plateau measured in the lung post
mortem. They found a significant inverse correlation between the
slope of the alveolar plateau and the peripheral airway diameter, but
no significant relationship between the slope of the alveolar plateau
and the alveolar-to-surface volume ratio, once age had been con-
trolled. They concluded from these findings that the slope of the
alveolar plateau does indeed assess the properties of the peripheral
airways.

Mink and Wood (1980) performed physiologic studies on the lungs
of six men (average age, 66 years) who died of atherosclerotic heart
disease. Morphometrics were performed on one lung of each of two of
the subjects. The physiologic studies involved ventilating a lung
through a main-stem bronchus in a volume displacement plethysmo-
graph with two catheters placed to record pressure: one in the lower
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lobe to measure lateral bronchial pressure and the other within the
plethysmograph to record pleural surface pressure. MEFV curves
were obtained in lungs ventilated with either air or a HeQ2 mixture.
They found that an abnormal response to breathing HeQ-: is not
necessarily indicative of either airway or parenchymal disease, and
concluded that the ability of the HeO: breathing to discriminate
between normal and obstructed peripheral airways is affected by
large between-subject variation in normal maximal flow, which is
probably due to normal variation in the caliber of the central
airways. They therefore questioned the use of MEFV curves breath-
ing air and HeQ: as a means of distinguishing between peripheral
and central airflow obstruction or as a means of identifying mild
airflow obstruction due to structural changes in the small airways. A
similar conclusion was reached by MacNee and coworkers (1983).

These structure-function correlation studies have provided fairly
convincing evidence that at least some of the tests purported to
measure small airways function can indeed identify structural
changes in the small airways. These changes appear initially to
involve macrophage accumulation around respiratory bronchioles,
with subsequent development of epithelial abnormalities in the
terminal bronchioles. With cumulative injury over a long period,
chronic inflammation leads to fibrosis and perhaps to an increase in
the amount of smooth muscle. These are strictly airway lesions. The
alveolar wall destruction of emphysema is not as clearly related to
the tests of small airways function (Petty et al. 1981).

Acute Response to Cigarette Smoke

Before the tests of small airways function were introduced in the
late sixties and early seventies, it was established that smoking a
cigarette results in an immediate increase in airway resistance and a
decrease in expiratory flow (Attinger et al. 1958; Chiang and Wang
1970; Clarke et al. 1970; Nadel and Comroe 1961; Robertson et al.
1969; Simonsson 1962; Zamel et al. 1963; Sterling 1967). It was
thought that this response is mediated by the vagus nerve, and may
be suppressed by isoproterenol and atropine (Nadel and Comroe
1961; Sterling 1967; Zamel et al. 1963).

Using the MEFV curve and closing volume, Da Silva and Hamosh
(1973) showed a decrease in the maximum expiratory flow at 50
percent of the vital capacity, with the MEFV curve assuming a
concave shape in 21 subjects immediately following cigarette smok-
ing. Sobol et al. (1977) found the greatest change following smoking
in airway resistance and specific conductance, with significant but
lesser changes in the 1-second forced expiratory volume (FEV)), the
forced expiratory flow over the middle half of the forced vital
capacity (FEF2s575%), and the ratio of FEV:to the forced vital capacity
(FVC), FEV1/FVC. Neither study found a change in closing volume.
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From this limited information, it can be reasonably concluded that
the large airways, rather than the small airwavs, respond woutsly to
the inhalation of cigarette smoke.

Chronic Response to Cigarette Smoke

In the late 1800s, Mendelssohn (1897) reported that snioking had
deleterious effect on the respiratory system. The earlv studies wers
hampered by the lack of sensitive physiolegic tests of lung funciion
and relied heavily on differences between smokers and nonsmeokers
in the prevalence of respiratory symptoms. Confirmation of the
structural basis of excessive respiratory syinptoms seen in the
smokers came from the classic paper by Reid in 1954, in whicl: she
described the pathology of chronic bronchitis (Reid 1954). \’Pmilm -
ry limitation usually occurs late in the course of COLD. I controst,
the inflammatory response of the small airwavs is demons iz
relatively early in life in cigarette smokers.

Smoking and Tests of Small Airways Function in Popil:itics
Studies

A large number of studies using tests of small airways function
have been conducted over the past 15 years in groups and popula-
tions of various sizes, ages, and other characteristics. In some of
these studies, the investigators have developed their own normal test
ranges from a group of asymptomatic nonsmokers, but the normal
ranges obtained by others (Buist and Ross 1973a, b; McCarthy et al.
1972; Collins et al. 1973) have been more commonly used.

In one of the earliest reported studies using the single breath N:
test, Buist and coworkers (Buist and Ross 1973b; Buist et al. 1973)
examined 1,073 persons attending a screening center, of whom 524
were current cigarette smokers. Among the smokers, an abnormal
CV/VC was found in 35 percent, an abnormal CC/TLC in 44 percent,
and an abnormal slope of the alveolar plateau in 47 percent. When
the three measurements obtained from the single breath N: test
were taken in conjunction, 64 percent of the smokers and 61 percent
of the ex-smokers had an abnormal test result. In contrast, only 11
percent of the smokers had an abnormal FEV,and 21 percent had an
abnormal FEFs575%. This study suggested that the prevalence of
measurable small airways dysfunction among cigarette smokers
exceeds 50 percent. It must be kept in mind, however, that this study
was carried out in a screening center and was therefore presumably
biased toward a high disease prevalence.

A collaborative study was conducted in three North American
cities (Montreal and Winnipeg, Canada, and Portland, Oregon)(Buist
et al. 1979a) to avoid the pitfall of using a biased volunteer
population. Random population samples were used in two of the
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cities and a random sample of a working population in the third.
Only people aged 25 to 54 were studied. Among the nonsmokers in
each of the three cities, the age-related regressions for the single
breath N: variables (CV/VC, CC/TLC, and the slope of the alveolar
plateau) and for FEV/FVC had very similar slopes. As a result, a
combined set of reference values was derived and used for compari-
son with the smokers and ex-smokers. No single test consistently
showed the greatest prevalence of abnormality among the three
cities. The slope of the alveolar plateau was abnormal most often in
the women who smoked, and the CC/TLC was abnormal most often
in the men who smoked. However, the prevalence of abnormalities
was considerably lower than that reported in the screening center
population study described above. Among the smokers for the three
cities combined, CV/VC was abnormal in 17 percent of the men and
in 26 percent of the women, CC/TLC was abnormal in 32 percent of
the men and in 29 percent of the women, and the slope of the
alveolar plateau was abnormal in 13 percent of the men and in 37
percent of the women. In comparison, the FEV/FVC ratio was
abnormal in 7 percent of the men who smoked and in 25 percent of
the women who smoked.

In another large-scale study, Knudson and Lebowitz (1977) used
the single breath N:test in a random, stratified, cluster sample of
1,900 white, non-Mexican-American residents of Tucson, Arizona.
These investigators established their own reference values from the
asymptomatic nonsmokers, and then compared their smokers to the
reference values. Figure 2 reveals the prevalence of an abnormal test
result in three groups: normals, asymptomatic smokers, and symp-
tomatic subjects (a group comprised largely of smokers). For the
Vmax 75% and slope of phase III as well as for combined parameters of
the MEFV curve and single breath N: test, asymptomatic smokers
had approximately twice the prevalence of abnormal test results
compared with the normal nonsmoking population. When the
analysis was limited to the population aged 25 to 54, the results were
even more striking. Of the asymptomatic smokers, 21.5 percent had
an abnormal Vmax 75%, and 33.9 percent had some abnormality on
either the single breath Natest or the MEFV curve.

Manfreda and coworkers (1978) studied population samples strati-
fied by sex, age, and smoking habits from a rural community
(Portage la Prairie) and an urban community (Charleswood) in
Manitoba. They tested 246 persons in Portage la Prairie and 256
subjects in Charleswood. Reference values for asymptomatic non-
smokers were established for the single breath N:test variables and
for FEV./FVC and RV/TLC. In both communities, the slope of the
alveolar plateau was abnormal (more than 2 SD from the mean)
more often in smokers than in nonsmokers in both sexes (Figure 3).
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Detels and coworkers (1979) studied population samples in two
California communities, one being exposed to photochemi-
cal/oxidant pollutants (3,465 subjects). They used the single breath
N: test, but measured the change in N: concentration between 750
and 1,250 cm3 of expired air (ANamso12s0) rather than the more
traditional way of looking at the slope of the alveolar plateau. They
found that the mean values for ANa7se-1250 and CV/VC were
consistently higher for smokers than for nonsmokers.

Tockman and coworkers (1976) studied two groups of subjects
selected from the Baltimore metropolitan area and not known to
have disease. One group consisted of neighborhood control subjects
participating in an epidemiologic study of obstructive pulmonary
disease, and the other consisted of teachers in the Baltimore public
schools who volunteered for a study of health and disease. Of the 133
subjects studied, 78 were smokers and 55 were nonsmokers. The
investigators analyzed their data in a slightly different way from the
approach used in the studies described above, in that they looked for
differences between the age-related regression equations for the
various tests in smokers and nonsmokers. They found significant
differences between the adjusted mean smoker and nonsmoker
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values, hut no differences associated with age for CC/TLC, the slope
of the alveolar plateau, RV/TLC, the steady state diffusing capacity,
and the number of respiratory symptoms. Differences between
smoker and nonsmoker mean values and an increasing difference
between smokers and nonsmokers with increasing age were found
for the FEV,, FEF35-15%, Vimax 50, and moment analysis. The research-
ers suggest that the first group of tests may measure an all-or-none
response that occurs relatively soon after the onset of smoking and is
not affected by duration of smoking, and that the second group of
tests may measure the effect of continued smoking, thus reflecting
the increasing abnormality associated with longer exposure. This
theory should be tested as part of an evaluation of the predictive
value of small airways function.

Nemery and coworkers (1981) used the single breath N test and
MEFV curves to study a group of 272 European blue-collar workers,
aged 45 to 55, from a steel plant near Brussels, Belgium. They first
abtained reference values from their asymptomatic nonsmokers and
ivfined their limit of normality as the 95th percentile for each of the
tests. CC/TLC and the slope of the alveolar plateau had the highest
provadence of abnormality among the smokers (47 and 44 percent,



respectively), followed by CV/VC% (34 percent), Vmax 157 (33 percent),
and Vmax 50 (30 percent). When the indices derived from the single
breath N2 test were combined, 60 percent of their smokers had an
abnormality in one or more of the measurements obtained from the
test, whereas 52 percent had an abnormality in one or more
measurements obtained from the forced expiratory maneuver. They
pointed out that combining the measurements obtained from a test
increases its sensitivity but decreases its specificity.

In addition to the studies described above, which involved fairly
large population groups, numerous studies have been carried out in
smaller groups (McCarthy et al. 1972; Stanescu et al 1973; Gelb and
Zamel 1973; Cochrane et al. 1974; Abboud and Morton 1975; Marcq
and Minette 1976). These studies have also found the measurements
obtained from the single breath N: test and MEFV curve to be
abnormal more often among smokers than among nonsmokers.

There have been very few published studies using MEFV curves
with air and HeO: in reasonably large population groups. This is
probably because the test is more difficult to perform than the single
breath N:test or the forced expiration maneuver, and because of the
wide range of within-individual and between-individual variability
associated with these tests. Lam and coworkers (1981) obtained
spirometry and MEFV curves with air and HeO: in 423 subjects
participating in epidemiologic health surveys in British Columbia.
The subjects consisted of four groups: nonsmokers and smokers not
exposed to air pollutants at work, and nonsmoking and smoking
grain elevator workers. Reference values were established from the
78 healthy, asymptomatic nonsmokers who were not exposed to any
air pollutant at work. They found that in the subjects not exposed to
air pollutants at work, Vmaxsowas the best test for discriminating the
effects of cigarette smoking, but AVme s and VisoV were not
significantly different between the smokers and the nonsmokers.
Interestingly, the FEV) was the best discriminator of the effect of
grain dust, and there was poor concordance among the FEV1, Viax 50
and AV maxs0, and VisoV. They concluded that a comparison of MEFV
curves breathing air and HeO: is less helpful than the standard
MEFYV curves in distinguishing the effects of smoking and the effects
of exposure to an air pollutant.

A careful evaluation of moment analysis in a reasonably large
population group of adults has not been published. The limited
information in the literature comes from studies of small groups of
children (Neuberger et al. 1976; Liang et al. 1979; MacFie et al. 1979)
and adults (Permutt and Menkes 1979; MacFie et al. 1979). These
preliminary studies look promising, but a more extensive evaluation
of the technique in carefully chosen population groups must be
carried out before conclusions are reached on the value of this
approach. Moment analysis is particularly sensitive to changes in
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the terminal part of the forced expiratory spirogram, which is
particularly sensitive to an artifact in the MEFV curve when volume
is measured by a spirometer at the mouth rather than by plethys-
mography. This artifact relates to the fact that there are volume
changes due to gas compression that are measured by plethysmogra-
phy but not by a spirometer at the mouth. The appropriate method
to measure volume in moment analysis is by plethysmography, but
very few such measurements have been made, most measurements
having been made by spirometry. The magnitude of the resulting
error has not been assessed.

In summary, the prevalence of abnormalities observed in any
group of smokers depends on the age and characteristics of the group
{(how they were selected), on the reference values used (external
reference values or reference values obtained from the population
under study), and the cutoff used to define abnormality. However,
this prevalence is uniformly higher in smoking than in nonsmoking
populations. In a randomly selected sample of the general population
below age 55, at least a third (and usually more) of the smokers can
be classified as having small airways dysfunction.

Dose-Response Relationship Between Amount Smoked and Small
Airways Dysfunction

In general, population-based studies involving adults of all ages
with a reasonable range of cigarette consumption consistently show
a fairly strong dose-response relationship between the number of
cigarettes smoked and the degree of impairment.

Burrows and coworkers (1977a), studying a randomly stratified
cluster sample of Tucson, Arizona, households comprised of 2,360
white, non-Mexican-American adults over age 14, found a highly
significant quantitative relationship between pack-years of smoking
and functional impairment, as measured by Vumax 75%, FEV) percent
predicted, and FEV/FVC percent. The shift in the mean FEV;
percent predicted and the distribution of the FEV, percent predicted
with increasing cigarette consumption is illustrated in Figure 4.

Buist and coworkers found a positive correlation between total
cigarette consumption and the frequency of abnormalities in tests of
small airways function in 524 smokers attending an emphysema
screening center. However, tests of significance were not reported in
the description of the relationship between pack-years and CV/VC
and CC/TLC (Buist et al. 1973). Tests of significance were reported in
the description of the relationship between the slope of the alveolar
plateau and cigarette consumption (Buist and Ross 1973b); no clear
relationship between daily cigarette consumption and an abnormal
slope of the alveolar plateau was found. Among women who smoked
more than 20 cigarettes a day, however, the prevalence of an
abnormal slope of the alveolar plateau was significantly increased;
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among men, a significant increase was found only for those who
smoked more than 40 cigarettes a day.

Somewhat similar conclusions were reached by Tockman and
coworkers (1976) in their study of healthy Baltimore residents. These
investigators found that the CC/TLC, the slope of the alveolar
plateau, RV/TLC, the steady state diffusing capacity, and respira-
tory symptoms were significantly different between smokers and
nonsmokers, but there were no significant age-related differences for
these variables. In contrast, tests of forced expiration (FEV/FVC,
Vmas 50, and moment analysis) showed both differences between
smokers and nonsmokers and increasing smoker versus nonsmoker
differences with increasing age. These investigators interpreted
their findings as suggesting that the tests of small airways function
measure an all-or-none response that occurs at the onset of smoking
but is not affected by duration of smoking. They proposed that the
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measurements obtained from a forced expiration maneuver probably
measure the effects of continued smoking and reflect increasing
abnormality associated with longer duration of smoking.

In their study of population samples in Manitoba, Manfreda and
coworkers (1978) found a significant relationship between the
current number of cigarettes smoked per day and the slope of the
alveolar plateau and CC/TLC in both sexes and RV/TLC in women.
These investigators found that an index of lifetime exposure to
smoke had no effect after accounting for the effect of current
smoking. Among all the lung function measurements, smoking
status accounted for the largest proportion of variance due to the
three smoking variables (smoker versus nonsmoker, number of
cigarettes smoked per day, and lifetime amount smoked). They
interpreted this finding as suggesting that responses on these lung
function tests are related more to whether one does or does not
smoke than to the amounts smoked.

Buist and coworkers, in the three-city collaborative study de-
scribed earlier (Buist et al. 1979a), considered the effect of smoking
in two ways, first by means of multiple regression analysis using age
and cigarette-years data from both smokers and nonsmokers. Using
the pooled data from the three cities, they found that cigarette
consumption had a significant effect on the CC/TLC, CV/VC, the
slope of the alveolar plateau, and FEV/FVC (only in women). In this
analysis, the effect of aging was considerably greater than the effect
of smoking. The second approach involved data only from smokers,
and a linear regression of the percentage of the predicted value for
each variable on cigarette-years was obtained. A significant regres-
sion occurred in only one-third of the city/sex groups, and in each
case the regression coefficients were very small. They concluded that
a dose effect was not apparent when smokers only were considered,
using both cigarettes per day and years smoked as indicators of
cigarette consumption. They interpreted these findings similarly to
Manfreda and coworkers (1978): it could be smoking itself and not
the quantity of cigarettes smoked that is the crucial factor in the
development of early functional impairment. The researchers sug-
gest that absence of a clear-cut dose-response relationship in this
study may also have resulted from the limited age range (25 to 54
vears) and the relatively few heavy smokers in the study. They also
speculate that the single breath N:test variables, especially the slope
of the alveolar plateau, may be so “sensitive” that they reflect an on-
off effect of smoking rather than cumulative damage.

Dosman and coworkers (1976) looked for a dose-response relation-
ship in 49 smokers, aged 28 to 67, of whom 60 percent were attending
a smoking cessation clinic. They found a significant relationship
between a smoking index (cigarettes per day X years smoked) and
VisoV and Vuax s0. They did not find a significant relationship
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between symptoms and frequency dependence of compliance,
CC/TLC, the slope of the alveolar plateau, or Vmax s (Figure 5).

Beck and coworkers (1981, 1982), in a cross-sectional study of three
communities (Lebanon and Ansonia, Connecticut, and Winnsboro,
South Carolina) sought a dose-response relationship in 1,209 smok-
ers. Dividing the sample into light smokers (1 to 20 cigarettes/day)
and heavy smokers (>20 cigarettes/day), they found a trend of
increasing dysfunction across smoking categories that was evident as
early as age group 15 to 24 for both men and women. A difference
between men and women occurred in terms of the relationship
between residual lung function (observed-predicted FEV1) and pack-
years of smoking. In male smokers, the combination of number of
cigarettes smoked per day and duration of smoking was the best
indicator of loss in lung function, as measured by residual lung
function (FEV1, Viux so, and Vzse). For women smokers, pack-years
best explained lung function loss as measured by residual lung
function. These investigators thus found a very definite dose-re-
sponse relationship between the amount smoked and lung function
loss. They do point out, however, that smoking variables and age
accounted only for up to 15 percent of the variation in residual lung
function.

In summary, the data suggest a dose-response relationship
between number of cigarettes smoked per day and the prevalence of
abnormal results on tests of small airways function. That is, heavy
smokers are more likely to have abnormal small airways function
than light smokers. However, there is only a weak relationship
between the degree of abnormality in small airways function and the
number of cigarettes smoked per day or pack-years of smoking. In
contrast, tests obtained from the forced expiration maneuver have a
stronger dose-response relationship. This is consistent with the
theory that cigarette smoking induces an inflammatory response in
the small airways and that this response is more likely to happen in
heavy smokers, as measured by sensitive measures of small airways
function such as the single breath nitrogen test. The extent of
chronic airway disease that reflects the dose and duration of the
smoking habit is better measured by changes in the forced expirato-
Ty maneuver.

How Soon Do Changes in Small Airway Function Occur?

The first study to look at the prevalence of abnormalities on tests
of small airways function by age in a large group of smokers was
reported by Buist and coworkers (1973a). These investigators found
that abnormalities of small airways function could be detected before
age 30 by means of the single breath N test, with CV/VC
discriminating best between smokers and nonsmokers in the age
decade of the twenties (Figure 6).
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In their cross-sectional survey of residents in three separate
communities in Connecticut and South Carolina, Beck and cowork-
ers (1981, 1982) found that the age of onset of abnormalities in lung
function may occur as early as age 15 to 24. Their approach used
residual lung function (observed-predicted value) for FEV1, Vumax 502,
and Vmax 5%, with a negative residual indicating an observed value
below prediction. Negative residuals for all three measurements
began to occur in women in the age group 15 to 24 (Figure 7).
Significant differences among smoking categories—nonsmokers, ex-
smokers, light smokers (1 to 20 cigarettes/day), and heavy smokers
(>20 cigarettes/day)—were seen for Vimax 50% and Vmax 75% in women
aged 15 to 24 and for FEV in age group 25 to 34 (Figure 8). In male
smokers, negative residuals began to occur for all three measure-
ments in the age 25 to 34 group. Significant differences among the
smoking categories were seen for FEV,in the 35 to 44 age group and
for Vmax 0% and Vimex75% in the 45 to 54 age group.

Seely and coworkers (1971) found lower values for Vimas soz and
Vmax 7% in a group of high school students with 1 to 5 years of
smoking experience. These differences were significant in boys who
smoked more than 15 cigarettes per day and in girls who smoked
more than 10 cigarettes per day. Significant differences between the
smokers and nonsmokers were not found for FEV,.

Dosman and coworkers (1981) studied 1,202 adults, aged 25 to 59,
living in Humboldt, Saskatchewan. Among smokers in the 25 to 29
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age group, 14.9 percent of the women and 18.5 percent of the men
had an abnormal test value for the slope of the alveolar plateau, for
CV/VC, or for both. Comparable rates of abnormality for FEV/FVC
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were 2.1 percent in women and 5.6 percent in men. For both the
slope of the alveolar plateau and CV/VC, the prevalence of abnormal
test value increased steadily with increasing age, so that 63.6 percent
of the female smokers aged 55 to 59 and 46.2 percent of the male
smokers aged 55 to 59 had abnormal values. Comparable rates for an
abnormal FEV/FVC were 4.5 and 19.2 percent in the women and
men, respectively.

Walter and coworkers (1979) studied 102 Indian male medical
students in their late teens and early twenties. Of the 102 subjects,
60 were nonsmokers, 23 were light smokers (lifetime total of
< 10,000 cigarettes), and 19 were heavy smokers (lifetime total of
>10,000 cigarettes). The researchers compared mean pulmonary
function values obtained from the. spirograms across the smoking
categories. There was a consistent trend for all the lung function
variables examined (FEFi30%, FEF»s%, FEFosx, FEFsesoe:,
FEF25 5%, and FEV1/FVC),with the highest mean values being seen
in the nonsmokers, intermediate values in the light smokers, and the
lowest values in the heavy smokers. There were no significant
differences among the three groups in height and weight. No
information was given in this report about the type of cigarettes
smoked.

The consistency of results from the studies attempting to define
the age of onset of measurable abnormalities in tests of small
airways function is striking. Even though statistical significance was
not always found, the trend is clear and provides strong evidence
that measurable abnormalities of small airways function do occur in
some smokers within a few years of smoking onset.

Male-Female Differences in the Responses of the Small Airways
to Cigarette Smoking

When looking at variations between the sexes in response to
cigarette smoking, one must take into account possible differences in
the manner in which cigarettes are smoked, in the amount smoked,
and in environmental exposures that may interact with smoking.
Most investigators have found little or no difference based on sex for
the relationship between the various tests of small airways function
and age in nonsmokers. Thus, a difference between the sexes in
response to smoking, if it exists, probably represents a true biological
difference in the effect of smoking on lung function or variations in
exposure dose resulting from method of smoking or amount smoked.

Unfortunately, the information available in the literature about
sex-related differences in small airways response to cigarette smok-
ing is scanty and conflicting. Manfreda and coworkers (1978) found a
higher prevalence of abnormality in tests of small airways function
among male smokers than among female smokers in their study of
two communities in Manitoba. The opposite finding has been
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reported by Buist and coworkers (Buist and Ross 1973a, b; Buist et al.
1973, 1979a) in their studies of a screening center population and of
population samples and groups in Montreal, Winnipeg, and Port-
land. It is quite possible that selection bias in the screening center
study limits the ability to extrapolate this study to the general
population. The three-cities study, however, did not suffer from that
flaw, and showed clear differences (women higher than men) in the
prevalence of abnormalities of CV/VC and the slope of the alveolar
plateau. The prevalence of abnormality of CC/TLC, on the other
hand, was slightly higher in male smokers than in female smokers
(32 and 29 percent, respectively). A surprising finding was that the
prevalence of FEV,/FVC abnormality was considerably higher
among women who smoked than among men who smoked (25 and 7
percent, respectively).

At this point, a generalization is not yet possible on sex-related
differences in the response of the small airways to cigarette smoking.
However, it seems likely that the contribution of sex difference is
relatively small once age and dose are taken into account.

Effect of Smoking Cessation on Small Airway Function

The correlation between abnormalities in tests of small airway
function and the pathologic changes of inflammation of the small
airways suggests that cessation of smoking may lead to a return
toward normal in these tests. A number of authors have examined
changes in tests of small airways function in cigarette smokers who
have quit.

Ingram and O’Cain (1971) examined six smokers with an abnormal
frequency dependence of compliance who quit smoking. After 1 to 8
weeks of cessation, values in all six returned to the normal range.

Bode et al. (1975) examined 10 subjects aged 29 to 61 with normal
FEV: values while they were active smokers and again 6 to 14
months after they had stopped smoking. Static volume pressure
curves, slope of phase III, and forced expiratory flow rates on air
were unchanged by cessation. However, the maximum expiratory
flow rates with helium at 50 and 25 percent of the vital capacity
increased, and the volume of isoflow and closing volume decreased.

McCarthy et al. (1976) followed 131 smokers aged 17 to 66 who
volunteered to attend a smoking cessation clinic. Cessation resulted
in a significant reduction in the closing capacity (CC/TLC%) and the
slope of phase III within 25 to 48 weeks in the 15 persons who were
able to abstain from cigarettes completely.

Buist et al. (1976) followed a group of 25 cigarette smokers who
attended a smoking cessation clinic and found that cessation
resulted in significant improvements in the closing volume
(CV/VC%), closing capacity (CC/TLC%), and the slope of the
alveolar plateau (phase III) at 6 and 12 months following cessation.
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FIGURE 9.—Mean values for the ratio of closing volume to
vital capacity (CV/VC), of closing capacity to
total lung capacity (CC/TLC), and slope of
phase III of the single breath N: test (AN:/L),
expressed as a percentage of predicted value
(12, 13) in 15 quitters and 42 smokers, during
30 months after two smoking cessation clinics

* A significant difference from the initial value at p< 0.05.

NOTE: Data from 3-month followup of the 1973 clinic and 4-month followup of the 1975 clinic have been
combined, as have 6-month and 8-month data for the 1973 clinic.

SOURCE: Buist et al. (1979a).

This study was expanded using a second group of subjects (Buist et
al. 1979b) and a 30-month followup. Once again, the three parame-
ters of the single breath N:test showed improvement in smokers who
quit; this improvement continued for 6 to 8 months, and then leveled
off (Figure 9). In addition, the values for the single breath N:test in
those who quit returned to the levels predicted for nonsmokers,
suggesting that the changes in the small airways can be substantial-
ly reversed with cessation.

Bake et al. (1977) also showed an improvement in the slope of
phase III following cessation in a small group who were followed for
5 months.

In summary, abnormalities in the small airways are substantially
reversible in smokers who have not developed significant chronic
airflow obstruction. This suggests that the inflammatory response in
the small airways, which may be the earliest change induced by
smoking, is also a change that reverses with the cessation of chronic
exposure to the irritants in cigarette smoke.
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Relationship Between Small Airways Disease and Chronic
Airflow Obstruction

There is no question that the information obtained over the past
15 years from studies of small airways function has helped to
describe more accurately the natural history of chronic airflow
obstruction. The practical question of the place of tests of small
airways function in clinical practice has not yet been resolved, and
will not be fully answered until longitudinal studies using the tests
have been completed. The important issue to be addressed is whether
the tests of small airways function can be be used to identify the
smoker who will progress to develop irreversible airflow obstruction.
This question can be answered satisfactorily only by following a
fairly large group of smokers prospectively over a period of time long
enough for some of the smokers to develop an abnormal FEV,. If the
tests of small airways function can be used alone, or in conjunction
with other qualitative or quantitative data about risk factors, they
will clearly be useful to the practicing physician. If they are too
sensitive or have a poor predictive value, their use will be more
limited.

Buist and coworkers (1984) determined the positive and negative
predictive value of tests of small airways function in their study of
two cohorts followed prospectively over a 7- to 11-year period. They
found that the positive and negative predictive values of the tests of
small airways function varied greatly between the cohorts, largely
because of the different ages and prevalences of an abnormal FEV,
between the cohorts. They concluded that significant associations
existed between the single breath N:test variables and spirometric
variables in smokers, but the weakness of these associations and the
high misclassification rates suggest that small airways disease does
not necessarily lead to clinical airflow obstruction.

Over a period of 8 years, Marazzini and coworkers (Marazzini et al.
1977, 1981) followed a group of 69 asymptomatic workers in an iron
foundry (49 smokers, 20 nonsmokers) living in the same area. They
found that 39 percent of the smokers and 15 percent of the
nonsmokers, initially diagnosed as having peripheral airways dis-
ease, developed central airways obstruction (defined as 1 or more of
the vital capacity (VC), FEV, or FEV/VC being more than 15
percent different from normal) within the 8-year followup.

An indirect way to assess the predictive value of the tests of small
airways function was proposed by Tattersall and coworkers (1978).
These investigators proposed that any valid test of chronic airflow
obstruction must yield results that are systematically worse in
middle-aged smokers than in middle-aged nonsmokers, and that such
a test should also correlate with the FEV, in middle-aged smokers.
Using these criteria in a cross-sectional study of a sample of working
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men in West London, they concluded that the most informative and
repeatable tests were Vmax 75% and the slope of the alveolar plateau.

Nemery and coworkers (1981) addressed the question of the
significance of tests of small airways function in their study of 2,072
blue-collar workers, aged 45 to 55, from a steel plant near Brussels.
They found that smokers with an abnormal CC/TLC or slope of the
alveolar plateau and a normal FEV,/FVC had a significantly lower
FEVi/(height)® than subjects with normal CC/TLC and slope of the
alveolar plateau. They interpret their data as suggesting that
smokers with small airways dysfunction experience a more rapid
decline in FEV, than smokers without small airways dysfunction,
leading to a higher susceptibility to long-term smoking effects in the
former group.

The opposite conclusion was reached by Fletcher (1976), who
examined the relationship between CV/VC, the slope of the alveolar
plateau, and FEV, in 200 male smokers aged 40 to 55. In this group,
he found a relatively poor correlation between FEV: and the single
breath Na:variables.

There is thus, as yet, inadequate information to allow a firm
conclusion to be drawn about the predictive value of the tests of
small airways function in identifying the susceptible smoker who is
going to progress toward clinical airflow obstruction. The tests of
small airways function are probably abnormal for many years before
the FEV| becomes abnormal in those smokers who go on to develop
airflow obstruction. However, many smokers with abnormal tests of
small airways function may never develop clinically significant
airflow obstruction. Therefore, functional changes in the small
airways may not always be related to the widespread alveolar
destruction seen in smokers or to the development of clinical airflow
obstruction. It may be that varying degrees of inflammation and
fibrosis occur in virtually all smokers, and that there is something
very different about the smokers who develop extensive airway or
emphysematous changes.

Summary

A number of tests have been developed that can identify small
airways dysfunction in individuals with normal lung volumes and
standard measures of forced expiratory airflow. These tests correlate
well with the presence of pathologic changes in the airways 2 mm or
less in diameter, particularly with peribronchiolar inflammation.
Cigarette smokers have a significantly higher frequency of abnormal
tests of small airways function. Heavy smokers have a greater
prevalence of small airways dysfunction than light smokers, but
there is only a weak dose-response relationship between numbers of
cigarettes smoked per day or duration of smoking and the extent of
small airways dysfunction. This suggests that the response of the
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small airways may be an “all or nothing” inflammatory response to
cigarette smoke irritants rather than a progressive response repre-
senting a cumulative injury.

Cessation of cigarette smoking results in significant improvement
in small airways function, which in those smokers without evidence
of chronic airflow obstruction, may return to normal.

The relationship between changes in the small airways and the
development of chronic airflow obstruction remains unclear. It
seems likely that those smokers who will go on to develop ventilatory
limitation will have abnormal small airways function before the
FEV: becomes abnormal, but many smokers with small airways
dysfunction may never progress to significant airflow obstruction.
Therefore, the usefulness of tests of small airways function for
identifying those who will develop ventilatory limitation remains to
be established.
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CHRONIC MUCUS HYPERSECRETION
Introduction

The association of cigarette smoking and chronic cough was
recognized by the general public in the term “smokers cough” well
before the demonstration of this association in epidemiologic studies.
Cough is the symptom most frequently experienced by smokers, and
it is often accompanied by excess mucus secretion resulting in
phlegm production or a “productive” cough. Chronic bronchitis was
defined by the Ciba Foundation Guest Symposium report (1959) as
“the condition of subjects with chronic or recurrent excess mucus
secretion into the bronchial tree.” The position was taken that any
production of sputum was abnormal, and chronic was defined as
“occurring on most days for at least 3 months of the year for at least
2 successive years.” Also, the sputum production could not be on the
basis of specific diseases such as tuberculosis, bronchiectasis, or lung
cancer.

Measurement of Cough and Phlegm in Epidemiologic
Studies

The increasing use of standardized questionnaires in interviews to
ascertain the presence of cough, phlegm, or other symptoms of
respiratory disease has improved the quality of measurements of
prevalence and incidence of these symptoms and the validity of
comparisons within and between studies. Similar attention has been
given to developing questions about smoking habits, including
questions about the type and number of cigarettes used at the time of
interview and in the past. The first British Medical Research Council
{BMRC) questionnaire published in 1960 (Medical Research Council
1960) had been tested, revised, modified, and extended, and many
studies have resulted from its widespread use. However, difficulties
in using this questionnaire in epidemiological studies of populations
in the United States and the desire to collect additional information
led to modification in individual studies and to a loss of comparabili-
ty between studies. This motivated the American Thoracic Society
and the Division of Lung Diseases of the National Heart, Lung, and
Blood Institute to establish the Epidemiology Standardization
Project. Extensive methodological studies were done, standardized
questionnaires were developed, and techniques for measuring pulmo-
nary function and evaluating chest radiographs were proposed
(Ferris 1978). Samet (1978) has reviewed the history of the develop-
ment of respiratory symptom questionnaires. Although many inves-
tigators now use the methods advocated by the BMRC or the
Epidemiology Standardization Project, several of the studies re-
viewed in this chapter of the Report are based on other, nonstandard
questionnaires. A comparison between studies of different popula-
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tions, or the same population studied at different times, must be
made cautiously and only after careful consideration of technical
and methodological issues. Low rates of participation and use of
unrepresentative samples may cause biased estimates of the frequen-
cy and distribution of symptoms. Attitudes toward smoking have
changed, and comparisons of questionnaire responses and objective
measurements of smoking habits indicate that at least in some
situations, less reliance can now be placed on answers to questions
about smoking habits (MRFIT Research Group 1982). Estimates of
prevalence and incidence of respiratory symptoms are imprecise,
and too much importance should not be attached to relatively small
differences in rates of reporting cough and phlegm. Each author’s
criteria for detecting the presence of cough or phlegm should be
considered, especially when combinations of symptoms or diagnostic
labels such as chronic bronchitis or mucus hypersecretion are used.
Notwithstanding methodological differences, however, consistent
patterns or trends found in many studies indicate that the associa-
tions between smoking and chronic mucus hypersecretlon are real
and that the findings are widely applicable.

Prevalence of Cough and Phlegm

Unpublished data from the National Center for Health Statistics
estimate that there were almost 8 million persons with chronic
bronchitis in the United States in 1981 (3.4 million men, 4.5 million
women). This is probably an underestimate of the true frequency of
cough and phlegm in the population, since people who had these
symptoms were not counted as chronic bronchitics unless they
responded affirmatively to the question about bronchitis. On the
other hand, some cases of acute bronchitis may have been included
incorrectly and inflated the estimate. The apparently higher preva-
lence rates of chronic bronchitis in women than in men in the
National Health Interview Surveys in 1970 and 1979 (3.4 and 3.7
percent for women in 1970 and 1979, respectively, and 3.1 and 3.2
percent for men in 1970 and 1979) are probably due to ascertainment
being less complete for men (USDHEW 1980b). Prevalence rates of
chronic bronchitis ranged from 4.2 percent at ages under 17 years to
2.7 percent at 17 to 44 years, 3.6 percent at 45 to 64, and 4.5 percent
at ages over 65 years. The high rate in the youngest group is
presumably because of the inclusion of cases of acute bronchitis.

Standard questions about chronic cough were asked in the
National Health and Nutrition Examination Surveys (NHANES) of
representative samples of the U.S. population. Some supplementary
questions were asked about phlegm and other respiratory symptoms,
and these data are presented in the appendix to this chapter.
Prevalence rates of diagnosed chronic cough in 18- to 74-year-old
participants in NHANES 1 (1971-1975) were 3 percent for men and 2
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FIGURE 10.—Percentage of recurring persistent cough
attacks by sex and smoking status for adults
25-74, United States, 1971-1975

NOTE: Light smoker: 1-14 cigarettes per day
Moderate smoker: 15-24 cigarettes per day
Heavy smoker: > 25 cigarettes per day
SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and
Examination Survey {NHANES 11

percent for women; they increased with age from 1 percent at 18 to
24 years to 6 percent at 65 to 74 years for men, and from 1 percent at
18 to 24 years to 3 percent at 65 to 74 years for women (National
Center for Health Statistics, unpublished data).

The prevalence of self-reported recurring persistent cough by
smoking status for men and women of different ages is presented in
the appendix and in Figure 10 based on NHANES 1. For the entire
NHANES population, the prevalence of the persistent cough in-
creased threefold in male smokers and twofold in female smokers
compared with nonsmokers (Figure 10), and the prevalence of cough
increased with increasing cigarette consumption in both men and
women.

Relationship of Cough and Phlegm to Smoking

Relationships between smoking and cough or phlegm are strong
and consistent; they have been amply documented and are judged to
be causal (USPHS 1964, 1971; USDHEW 1979; USDHHS 19804,
1981). Associations between smoking and cough or sputum are
apparent in the recent studies listed in Tables 2 and 3 and are
illustrated in Figures 11 and 12. Although cough, phlegm, and
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chronic bronchitis occur in nonsmokers, prevalence rates are consis-
tently higher in cigarette smokers.

The excess prevalence of cough and phlegm in cigarette smokers
increases with the amount smoked (see below). The frequency of
reporting cough and phlegm is at least twice as high for smokers as
for nonsmokers except in some groups with minimal exposure.
Differences in prevalence rates between smokers and nonsmokers
tend to be greater at older ages among men, whereas differences in
rates between smoking and nonsmoking women tend to be as great
or greater at younger ages (Tables 2 and 3). Rates are not given for
pipe or cigar smokers in most of these studies, presumably because
the numbers of such smokers were too small for reliable rates; male
pipe smokers and cigar smokers in Tecumseh reported cough and
phlegm more frequently than nonsmokers or ex-smokers, but less
frequently than cigarette smokers (Higgins et al. 1977).

Individual studies have evaluated other factors as well as smoking,
but smoking has been judged the most important determinant of
symptom prevalence (Fletcher et al. 1976; Ferris et al. 1976; Kiernan
et al. 1976; Bouhuys 1977; Higgins et al. 1977). Consideration of
evidence from many different studies has led to the conclusion that
cigarette smoking is the overwhelmingly most important cause of
cough, sputum, chronic bronchitis, and mucus hypersecretion (Speiz-
er and Tager 1979; USDHHS 1980b).

Effects of Smoking Cessation

Cross-sectional information on ex-smokers suggests that stopping
smoking is followed by a reduction in cough and phlegm because
symptoms are less prevalent than in current smokers, but these
symptoms are generally more prevalent in ex-smokers than in
lifelong nonsmokers (Huhti et al. 1978; Gulsvik 1979; Park 1981,
Schenker et al. 1982). However, the differences between ex-smokers
and nonsmokers were either very small or absent in the studies
reported by Higgins et al. (1977) and Manfreda et al. (1978).

The longitudinal studies cited in Table 3 strengthen the evidence
from cross-sectional studies that cigarette smoking causes cough and
phlegm. Prevalence rates were higher at followup examinations in
persons who started to smoke after being nonsmokers at a previous
examination (Kiernan et al. 1976; Leeder et al. 1977). Rates of
reporting cough or phlegm decreased in smokers who stopped
smoking in two British studies (Kiernan et al. 1976; Leeder et al.
1977) and in populations in the United States (Ferris et al. 1976;
Friedman et al. 1980; Beck et al. 1982). Many people who stop
smoking report a rapid reduction in cough and phlegm. Although
remission of symptoms occurs in some persistent smokers, remission
rates are generally higher and incidence rates lower in those who
quit than in those who continue to smoke.
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TABLE 2.—Prevalence (percent) of cough, phlegm, and other symptoms for nonsmokers (NS), smokers
(SM), and ex-smokers (EX), cross-sectional studies

Author, year,
country Population Cough Phlegm Other Comments
Tager and 507 residents, Chronic bronchitis Chronic bronchitis (cough and
Speizer, aged 15-65+, Men phlegm >3 mos/yr for 2 years);
1976, U.S. East Boston NS 7.0 no age trend for either sex after
SM (pack-years) adjusting for smoking; prevalence
15 8.7 greater for men than women at
5-10 25.0 each age; significant increase in
10-20 286 chronic bronchitis with increased
>20 475 lifetime cigarette consumption
for current smokers, but not
Women ex-smokers
NS 46
SM (pack-years)
1-5 143
5-10 9.1
10-20 208
>20 30.0
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TABLE 2.—Continued

Author, year,
country Population Cough Phlegm Other Comments
Dean et al., 6,277 men and Morning cough Bronchitis syndrome Bronchitis syndrome (cough and
1978 6,459 women, Men phlegm 3 moe/yr, shortness of
United Kingdom aged 37-67, NS 125 NS 114 NS 35 breath); significant increase of all
England, SM (filter) SM (filter) SM (filter) symptoms with age; prevalence of
Scotland, and 1-7 19.6 144 5.1 cough, phlegm, and wheeze
Wales 8-12 328 20.8 8.6 increased with number of
13-17 36.3 254 94 cigarettes smoked; filter vs.
18-22 440 269 85 nonfilter cigarette effects
23-27 50.6 342 1.0 small, nonsignificant for most
2832 56.8 345 87 symptoms
33+ 52.1 284 13.8
Women
NS 98 NS 75 NS 25
SM (filter) SM (filter) SM (filter)
1-7 16.9 138 38
8-12 258 166 42
13-17 29.6 16.6 5.1
18-22 451 25.8 106

23+ 56.6 343 120
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TABLE 2.—Continued

Author, year,
country Population Cough Phlegm Other Comments
Higgins et al., 4,699 men and Chronic bronchitis Chronic bronchitis {cough and
1977, women, aged Men phlegm >3 mo/yr); chronic
US. 20--74, Tecumsen NS 5.1 bronchitis increased with age
EX 26 for male smokers; no age trend
SM apparent for male or female
<20/day 134 nonsmokers; dose-response
>20/day 29.9 relationship between chronic
Pipe/cigar 84 bronchitis and cigarette smoking
(age adjusted)
Women
NS 35
EX 41
SM
< 20/day 4.8

> 20/day 153
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TABLE 2.—Continued

Author, year,
country Population Cough Phlegm Other Comments
Lebowitz and 2,857 men and Chronic cough and/or phlegm Male prevalence consistently
Burrows, women, aged 14-96, Men greater than female only in older
1977, US. Tucson NS 10.3 age groups; frequency of
SM (pack years) symptoms increased with age;
<6 29.0 impoesible to distinquish effects
6-20 358 of aging and increased duration
2140 479 of smoking
41+ 61.1
Women
NS 12.1
SM (pack-years)
<6 21.0
6-20 331
2140 405
41+ 60.4




€9

TABLE 2.—Continued

Author, year,
country Population Cough Phlegm Other Comments
Bland et al, 6,320 first-year Morning cough Breathleasness Ng gquestions on phlegm; child’s
1978, secondary school Boys Boys smoking habits more important
Great Britain children, NS 3.1 NS 12 than parents’ smoking habits;
Derbyshire SM once 29 SM once 14 parents’ smoking habits
Occas. 4.0 Occas. 22 independently related to most
1 per wk. 192 1 per wk 35 symptom frequencies for
boys and girls
Girls Girls
NS 1.8 NS 17
SM once 45 SM once 22
Occas. 6.0 Occas. 29
1 per wk. 135 1 per wk. 40
Cough at other times
Boys
NS 20
SM once 27
Occas. M4
1 per wk. 47
Girls
NS 19
SM once 30
Occas. 35
1 per wk. 47
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TABLE 2.—Continued

Author, year,

country Population Cough Phlegm Other Comments
Huhti et al., 1,162 men, All day in winter All day in winter Chronic bronchitis For total group, significant
1978, aged 25-65, Age NS NS Age NS increase with age of cough,
Finland Hankasalmi 25-39 2 5 25-39 9 phlegm, and severe breathless-
4049 2 2 4049 2 ness; for nonsmokers, signficant
50-59 5 8 50-59 15 increase with age for phlegm
60-69 4 7 60-69 19 and breathlessness only
Age EX EX EX
25-39 — 11 25-39 11
4049 — 10 40-49 14
50-59 4 8 50-59 11
60-69 12 18 60-69 28
Age SM SM SM 1-14 g/day
25-39 9 14 25-39 29
40-49 19 29 4049 39
50-569 19 24 50-59 31
60-69 30 27 60-69 39
SM 15-24 g/day
25-39 13
4049 45
50-59 46
60-69 46
SM >25 g/day
25-39 50
40-49 63
50-59 57

60-69 53
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TABLE 2.—Continued

Author, year,
country Population Cough Phlegm Other Comments
Manfreda et al., 273 men and 229 Most days >3 mo/yr Most days >3 mo/yr Wheeze apart from colds No consistent difference in
1978 women, aged Men symptom prevalence for two
Canada 24-55, two CH* PLP* CH PLP CH PLP communities; higher prevalence
communities NS 83 40 NS — 40 NS 42 8.0 of cough, phlegm, and wheeze
in Manitoba EX 8.1 29 EX 108 57 EX 108 14.3 among smokers than
SM 254 315 SM 169 4.7 SM 268 315 nonsmokers or ex-smokers;
¢ CH =Charleswood
Women **PLP=Portage la Prairie
NS — 40 NS — 40 NS 35 8.0
EX — 10.0 EX — 5.0 EX 121 20.0
SM 203 31.7 SM 102 25.4 SM 254 30.2




TABLE 2.—Continued

Author, year,
country Population Cough Phlegm Other Comments
Rawbone et al., 10,498 secondary A little most days With colds Frequent colds * EXPER (ex-smokers and
1978, school children, Age NS NS NS experimental smokers combined);
Great Britain aged 11-17, 1 26.4 228 36.0 sex differences not significant;
Hounslow 13 16.7 25.3 323 nonstandard questions; higher
15 134 24.5 U3 symptom prevalence in younger
EXPER* EXPER EXPER children not explained
11 20.5 323 422
13 173 312 36.1
15 113 29.6 36.3
SM SM SM
11 24.3 56.1 51.1
13 259 496 50.4
16 274 53.6 9.8
A little every day
NS
11 7.3
13 42
15 47
EXPER
11 70
13 4.1
15 35
SM
11 29.2
13 178
15 134
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TABLE 2.—Continued

Author, year,
country Population Cough Phlegm Other Comments
Bouhuys et al., 7,203 residents, Usual cough Smoking significantly aseociated
1979, aged 7-65+, LE* AN** WIt with cough, phlegm, wheeze, and
US. three communities Men dyspnea; prevalence increased
NS 8 10 15 significantly with age, slightly
SM 27 2 H higher in urban community;
Women women had lower prevalence of
NS 7 12 9 phlegm and higher prevalence of
SM 13 17 24 dyspnea than men
* LE=Lebanon
** AN=Ansonia
+ W1=Winnsboro
Burghard et al., 29,138 studenta, Morning Breathlessness Prevalence of symptoms increased
1979, aged 14-18, NS 137 NS 14.1 with increasing cigarette
France Bas-Rhin Department SM 25.7 SM 222 consumption; girls had higher
Day or night prevalence of respiratory
NS 16.9 symptoms for each smoking
SM 21 category
Chronic
NS 27
SM 6.6
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TABLE 2.—Continued

Author, year,
country Population Cough Phlegm Other Comments
Gulsvik, 19,988 people, Morning cough When coughing Cough and phlegm periods Cough and phlegm increased more
1979, aged 15-70, NS 11 NS 10 NS 6 with age for smokers (10-19
Norway Oslo EX 15 EX 18 EX 8 cig/day) than nonsmokers; no

SM 36 SM 28 SM 16 significant relationship between

Daytime cough age and prevalence of periods of

NS 4 cough and/or phlegm;

EX 7 dose-response relationship

SM 16 between number of cigarettes and

Cough 3 mos/yr symptoms reported; data not

NS 3 given

EX 5

SM 14
Liard et al,, 899 men and women, Men Reepiratory symptoms (cough and/or
1980, aged 20-60+, NS 16.0 phlegm 3 mos/yr. for 2 years);, not a
France (av. 39), Paris SM 254 random sample; male and female

Women smokers had similar symptom
NS 8.1 prevalence; female nonsmokers had
SM 285 lower prevalence
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TABLE 2.—Continued

Author, year,
country Population Cough Phlegm Other Comments
Park, 856 university Morning Morning Breathlessness on exertion Symptom prevalences apparently
1981, men and women, NS 160 NS 20.1 NS 232 not age-adjusted; significance
Korea aged 18-29, EX 313 EX 229 EX 25.0 levels not reported; nonstand-
Seoul SM 34.0 SM 26.1 SM 29.7 ard questions; symptoms current
Daytime Daytime
NS 42 NS 21
EX 83 EX 146
SM 109 SM 120
Nightime Nightime
NS 135 NS 73
EX 188 EX 104
SM 199 SM 132
Neukirch et al., 2,266 secondary Usual cough and/or phlegm 21.8% of boys, 32.2% of girls
1982, school students, Boys were current smokers; girl
France aged<11->18 NS 26.1 smbkers had higher symptom
(mean 14.9), SM U9 prevalence than boys if total
Paris Girls lifetime cigarettes >>4,000; results
NS 269 probably not age adjusted
M 4.7
Schenker et al., 5,686 women, Chronic cough Chronic phlegm Wheeze most days or nights Cough and phlegm most strongly
1982, aged 17-74 (mean NS 5.6 NS 45 NS 7.2 related to current cigarettes/day;
USs. 44 6), western EX 15 EX 6.7 EX 8.3 tar content had independent
Pennsylvania, SM SM SM effects; age effect seen for
telephone interviews 1-14 a1 1-14 72 1-14 14.4 nonsmokers, but not current
15-24 17.0 15-24 16.7 15-24 185 smokers; symptom
25+ 318 86+ 248 25+ 280 prevalences age adjusted




TABLE 3.—Prevalence (percent of cough, phlegm, and other symptoms for nonsmokers (NS), smokers
(SM), and ex-smokers (EX), longitudinal studies

Author, year,
country Population Smoking habits Symptoms Comments
Ferris et al., 1,201 men and Cough Phlegm 72.3% of men, 78.4% of
1976, women, aged 25-74 1973 1967 1973 1967 1973 women followed up; 1973,
Us. in 1961, Berlin Men symptom prevalences, age
New Hampshire NS 6.0 85 89 76 adjusted to compare with 1967,
EX 205 9.7 233 159 showed little change
SM
1-14 222 255 179 215
15-24 35.4 26.5 31.8 30.0
25-34 26.1 257 338 324
35+ 50.6 56.4 371 519
Women
NS 4.4 - 62 8.1 74
EX 32 5.2 7.3 101
SM
1-14 10.7 100 116 98
15-24 195 16.3 21.8 9.8
25-34 272 16.1 225 218
35+ 4.7 310 43.1 412
Kiernan et al, 2,738 men and Cough day or night in winter Effects of chest illness before age
1976, women, aged 25, born 1966 1971 1966 1971 2, father’s vocation, and current
Great Britain in 1946, exams in NS NS 55 49 smoking significant; air pollution
1966 and 1971 NS SM 72 96° effect not significant; current
SM SM 14.3 185°* smoking had largest effects
SM EX 9.2 5.8 * Prevalence, 1966 vs. 1972,

p <005




TABLE 3.—Continued

Author, year,
country Population Smoking habits Symptoms Comments
Leeder et al., 2,130 fathers, Cough/phlegm prevalence range In male ex-smokers, prevalence
19717, mean age 31.0+6.1, Men of cough/phlegm decreased
Great Britain 2,148 mothers, 1st period 2nd period 1st 3-yr period 2nd 3-yr period over time; no significant
mean age 27.9+5.3, NS NS 86-9.6 9.2-11.1 change in prevalence in female
children born NS SM 4.8-16.9 13.3-205 ex-smokers, but numbers
1963--1965, SM SM 25.6-30.2 30.8-34.0 were small
London, 6 year SM EX 21.8-25.3 5.8-20.7
followup Women
NS NS 49- 68 58- 173
NS SM 8.2-10.2 13.3-184
SM SM 16.3-224 23.0-284
SM EX 41-225 12.2-14.3
Woolf and Zamel, 302 women, aged Cough and/or phlegm Breathlessness 60% followed up; all subjects
1980, 25-54 at initial 1st exam Final exam 18t exam Final exam maintained consistent smoking
Canada study, 5-year NS 10 14 10 5 habits for 5 years
followup EX 3 13 18 8
SM 56 54 25 21
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TABLE 3.—Continued

Author, year,
country Population Smoking habits Symptoms Comments
Beck et al., 1,262 white Usual cough Usual phlegm 55% followed up; health indices
1982, residents, aged 7-55+, 1972 1978 1972 1978 1972 1978 of respondents and non-
USs Lebanon, Connect- Men respondents similar; symptom
icut, exams in NS NS 5 2 7 3 prevalence tended to decline, but
1972 and 1978 NS SM 0 0 0 4 few changes were significant;
SM SM 23 21 22 26 * Prevalence, 1972 vs. 1978,
SM EX 25 2° 18 8 p <05
EX EX 7 6 12 15
Women
NS NS 7 4 5 6
NS SM 0 0 0 9
SM SM 20 14 15 11
SM EX 28 12 8 16
EX EX 10 3 4 1
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FIGURE 11.—Prevalence of chronic cough and/or chronic

sputum among samples of men and women in
Tucson, Arizona

SOURCE: Lebowitz and Burrows (1977).

Dose-Response Relationships

The most common measures of dose are the number of cigarettes
currently smoked per day and the pack-years of cigarette consump-
tion; the latter estimates lifetime exposure by integrating the
number of cigarettes smoked (by pack) and the duration of cigarette
use. Errors of memory compromise the accuracy of retrospective
information, which may also be biased by differential recall in those
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FIGURE 12.—Percentage of smokers with phlegm
production (adjusted for age), according to tar
yield of cigarettes

SOURCE: Higenbottam et al. (1980).

with and without smoking-related symptoms or diseases. Even
accurate reports of current smoking habits fail to take into account
all the sources of variation in exposure associated with the material
used in cigarette manufacture or generated in the burning of
cigarettes. The dose of noxious materials received is also influenced
by human behavior, including the number, volume, and timing of
puffs taken with each cigarette; retention of smoke in the mouth;
depth of inhalation; disposition of the cigarette between puffs; and
other aspects of smoking style that are not reproduced by the
smoking-machines used to measure tar and nicotine yield.
Prevalence rates of cough or phlegm, or both, generally increase as
the number of cigarettes smoked per day increases. The trends
illustrated in Figures 11 and 12 were present in both sexes and all
age groups (Lebowitz and Burrows 1977; Dean et al. 1978; Higgins et
al. 1977; Huhti et al. 1978; Higenbottam et al. 1980; Schenker et al.
1982). Bland et al. (1978) found a dose-response relationship in
secondary school children, among whom rates of reporting cough
were higher in those who smoked most, even though levels of
cigarette consumption were generally reported to be low. At the
other extreme of the age range the trend is also apparent, even
though symptomatic smokers are more likely than asymptomatic
smokers to stop smoking or to reduce their cigarette consumption
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(Higgins 1974; Fletcher 1976). Symptoms were more prevalent
among heavier smokers of filter cigarettes as well as of nonfilter
cigarettes (Dean et al. 1971). Prevalence rates of cough, phlegm,
chronic bronchitis, and mucus hypersecretion show a similar pattern
of association with pack-years of exposure (Tager and Speizer 1976;
Lebowitz and Burrows 1977). Rates of incidence and remission
observed in longitudinal studies add further support to the strong
evidence that respiratory symptoms increase as exposure to cigarette
smoke increases (Table 3).

In their study of more than 18,000 male civil servants in London,
Higenbottam and colleagues (1980) found that the percentage of
smokers who produced phlegm increased with increased daily
cigarette consumption and also with increasing tar content of
cigarettes among those who smoked less than 20 cigarettes a day.
Symptoms were prevalent about equally among smokers of 20 or
more cigarettes per day, regardless of the tar yield of the brands they
used (Figure 12).

Schenker et al. (1982) reported the relationship of tar content of
cigarettes to respiratory symptoms in a cross-sectional telephone
survey of 5,686 adult women in rural Pennsylvania. The risk of
chronic cough and phlegm was more strongly affected by the number
of cigarettes smoked per day than by tar content. Cough and phlegm
were reported least often by never smokers and with increasing
frequency as the number of cigarettes smoked per day increased. Tar
content of cigarettes was significantly associated with symptoms of
chronic cough and phlegm—especially cough—and its effects were
independent of the number of cigarettes smoked per day in a
multiple logistic analysis. The risk (relative odds) of chronic cough
for smokers of high tar cigarettes (20 or more mg) was approximately
twice that for smokers of an equivalent number of low tar cigarettes
(10 or less mg). A limitation of this cross-sectional study was the
determination of tar content for current cigarettes only, rather than
for lifetime smoking habits. Although the apparent relationship
between tar content and symptoms could have been caused by
changes in smoking habits, this was considered unlikely because
symptomatic smokers tend to reduce their consumption of cigarettes
more than asymptomatic smokers (Fletcher et al. 1976) and may also
switch to low yield cigarettes. In this situation, any reported effect of
tar content on symptoms would be an underestimate.

In summary, the prevalence of symptoms increases with dose of
smoke exposure, when dose is measured by number of cigarettes
smoked per day or tar content of the cigarette smoked.

Relationship of Cough and Phlegm to Sex and Age

Prevalence rates of cough and phlegm ascertained in epidemiologi-
cal studies generally increase with age and are higher in men than
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in women, as shown in Figure 11 and Tables 2 and 3. Rates also vary
with smoking habits. Rates in nonsmokers better clarify associations
of symptoms with age and sex than do rates in smokers, since they
are less confounded by variations in exposure to cigarette smoke.
However, recent evidence linking passive smoking with increased
prevalence of respiratory symptoms suggests that rates in nonsmok-
ers may be in excess of those that would be found in a population
compietely free of exposure to cigarette smoke (Lefcoe et al. 1983;
Weiss et al. 1983).

Rates of reporting cough or phlegm or both were roughly equal in
nonsmoking men and women in several cross-sectional studies
(Bland et al. 1978; Higgins et al. 1977; Lebowitz and Burrows 1977;
Manfreda et al. 1978; Neukirch et al. 1982; Rawbone et al. 1978).
Rates were higher in nonsmoking men in some populations (Dean et
al. 1977; Liard et al. 1980; Tager and Speizer 1976). Bouhuys et al.
(1979) found no sex difference in the prevalence of cough, but a
higher rate of reporting phlegm in male nonsmokers (Table 2). In
most of these studies, the rates were not corrected for exposures to
other respiratory irritants in the workplace or in the general
environment.

In general, symptoms are more prevalent in male smokers than in
female smokers (Table 3). However, differences in prevalence rates
between the sexes are generally smaller or absent when comparisons
are made between men and women who smoke similar numbers of
cigarettes. Lebowitz and Burrows (1977) found that the excess
prevalence of symptoms in male smokers compared with female
smokers tended to be greatest at older ages, where there are also the
greatest differences in smoking behavior. Men in these birth cohorts
tend to have begun smoking earlier in life, smoke more cigarettes
per day, inhale more deeply, and smoke higher tar and nicotine or
unfiltered cigarettes. Two studies from France, Burghard et al.
(1979) and Neukirch et al. (1982), concentrated on high school
students. In general, the prevalence of smoking was similar for both
boys and girls for the two studies, although the Neukirch group
found a somewhat higher rate among the girls (46 percent versus 39
percent). Slightly more boys than girls, however, smoked more than
10 cigarettes per day. In these two studies, the prevalence of
symptoms was higher among female smokers than among male
smokers. These data suggest that the past differences in prevalence
of symptoms between the sexes is largely attributable to differences
in cigarette consumption. These differences were substantial in the
past, and are still present among older adults, whereas current
smoking practices are about the same in male and female adoles-
cents and young adults.

Prevalence rates of cough, phlegm, and chronic bronchitis in-
creased with increasing age in the U.S. population samples studied
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by the National Center for Health Statistics (1981) and in several of
the cross-sectional studies cited in Table 2. However, differences in
rates of reporting symptoms among people of different ages may
relate to effects of aging, differences in current exposures, or
differences in exposure to cigarette smoke or other noxious agents in
the past. It is therefore difficult or impossible to use cross-sectional
data to separate effects of aging from effects of duration, dose, and
nature of cigarette smoke exposure throughout life. Longitudinal
studies provide information on time trends, both in exposure and in
onset and course of disease. Nevertheless, conclusions may be
incorrect if people who drop out of longitudinal studies are different
from those who continue to participate.

Prevalence of symptoms increased with increasing age among men
in cross-sectional data from Tucson (Figure 11), but the trend was
more apparent among smokers and ex-smokers than among non-
smokers. However, Lebowitz and Burrows (1977) could not distin-
guish between an association caused by increasing age and an
association due to increasing duration of exposure to cigarette smoke
in smokers because the two were so highly correlated. Among
women, symptoms were reported more frequently at ages 30 to 44
than at ages 15 to 29 (except by ex-smokers), but prevalence rates
were essentially the same for the three groups over age 30. Higgins
et al. (1977) found that there was no increase in cough and phlegm
with increasing age in male or female nonsmokers in Tecumseh
(Michigan), whereas prevalence rates increased with increasing age
in male smokers. The pattern in female smokers was similar to that
in Tucson and showed an increase with age up to age 30 or 40, but
rates declined with increasing age after age 50. The extent to which
these patterns related to amount smoked or duration of smoking was
not reported, but these older birth cohorts of women probably began
to smoke later in life and smoked fewer cigarettes per day, according
to national smoking survey data.

In other cross-sectional studies cited in Table 2, symptom preva-
lence increased with age in the populations studied (Bouhuys et al.
1979; Dean et al. 1977; Gulsvik 1979; Huhti et al. 1978; Tager and
Speizer 1976), but the trend was noted by Gulsvik to be less in
nonsmokers. Huhti et al. found a significant increase with age
among nonsmokers for phlegm and dyspnea only. Schenker et al.
(1982) observed a trend for nonsmokers but not for smokers, and
Tager and Speizer found that adjusting for smoking eliminated the
trend with age.

Prevalence rates of cough and phlegm on two occasions 3 to 6 years
apart are shown in Table 3 for five recent longitudinal studies of
populations in the United States, Canada, and Great Britain.
Kiernan et al. (1976), Leeder et al. (1977), Woolf and Zamel (1980),
and Beck et al. (1982) found little change in the prevalence of
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symptoms among continuing nonsmokers during the followup inter-
val of up to 6 years. The rates among nonsmokers reported by Ferris
et al. (1976) are similar on the two occasions, but symptoms were
presented by smoking habits at followup only, and any effect of age
was deliberately adjusted out because the authors’ purpose was to
evaluate effects of changes in smoking, changes in pollution, and
trends over time independent of changes in age. Cough and phlegm
appeared to be more frequent at followup in the persistent smokers
studied by Kiernan et al. (1976) and Leeder et al. (1977), and about
the same in women studied by Woolf and Zamel (1980) and in men
studied by Beck et al. (1982). However, rates were slightly lower at
followup in the female smokers followed by Beck. Even though
starting to smoke or quitting can be eliminated as the explanation
for increases or decreases in symptom prevalence over the course of
these studies, it is possible that changes in the number or type of
cigarettes smoked by persistent smokers influenced the prevalence
of symptoms. The duration of followup in all these studies was
relatively brief, and it is still difficult to distinguish between effects
of aging and effects of duration, amount, and nature of exposure to
cigarette smoke in smokers, even when major changes in smoking
behavior are controlled. However, available data suggest that age
itself is not the major factor responsible for differences in the
frequency or distribution of symptoms in populations of nonsmokers
and smokers.

Relationship of Cough and Phlegm to Airflow Obstruction

Many cross-sectional studies have found associations between
cough, phlegm, chronic bronchitis, or mucus hypersecretion and
reduced levels of pulmonary function. The forced expiratory volume
at 1 second (FEV)) has been measured in most clinical studies and in
nearly all epidemiological studies, and mean levels of FEV: are
generally slightly lower in groups of people who report respiratory
symptoms (USPHS 1964, 1971; USDHEW 1979; USDHHS 1980a,
1981). Recent studies have compared other measures of pulmonary
function in people with and without symptoms and have provided
longitudinal data on pulmonary function for symptomatic and
asymptomatic smokers and nonsmokers. Attention has been given to
understanding the natural history of chronic airways obstruction
and the interrelationships of respiratory symptoms, levels and rates
of decline of pulmonary function, and their independent and
interrelated associations with cigarette smoking. Several investiga-
tors have emphasized the desirability of identifying in advance those
smokers who will develop severe COLD; symptoms and other
characteristics have been evaluated as potential predictors of
morbidity or mortality from COLD.
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Fletcher and colleagues (1976) found that the age-height standard-
ized FEV] at the initial survey of their population of working men in
London was inversely related to the volume of sputum produced in
the first hour after getting up. The regression of FEV; on age, given
height, was steeper for symptomatic cigarette smokers than for
asymptomatic smokers or nonsmokers. However, the authors cau-
tion that men may develop symptoms as they age and change from
one regression slope to the other.

Burrows et al. (1977a) found that an index of cough or sputum was
related to FEV: percent predicted when pack-years of smoking were
controlled in a multiple regression analysis. Regressions of FEV;
percent predicted on pack-years are shown for people with and
without chronic cough and sputum in Figure 13; the intercept at 0
pack-years was lower and the decline in FEV; with increasing pack-
years was significantly greater for those with chronic cough and
sputum than for those with no cough or sputum. The authors
calculated that values of FEV, were lower by about 10 percent in
people with cough and sputum, regardless of smoking habits, and
that values declined by about 4 percent of predicted for each 10 pack-
years of smoking in people with cough and sputum and by about 2
percent in subjects without productive cough. There was a signifi-
cant relationship between FEV: and pack-years of smoking in
asymptomatic smokers in this population. A weaker relationship
between cough and sputum and Vmeas« was also found to be
independent of pack-years of smoking; however, prediction equations
for flow rates have been revised substantially (Knudsen 1983), and
the extent to which relationships between the revised flow rates and
pack-years of smoking differ in symptomatic and asymptomatic
subjects has not been reported.

Dosman et al. (1976) found poor correlations between respiratory
symptoms and dynamic lung compliance, closing volume, closing
capacity, slope of phase III, and helium flow-volume curves in a
study of 49 smokers and 60 nonsmokers who were recruited from a
smoking cessation clinic, a personnel department, and the staff of a
laboratory.

In their community-based studies of children and adults, Bouhuys
and colleagues (1977) studied relationships between respiratory
symptoms and loss of lung function in smokers and nonsmokers.
They found that residual values (ocbserved-predicted) of FVC, FEV,,
PEF, MEFs0%, and MEF2s% were not significantly different in people
with no symptoms or only one symptom when analyses were done
separately for adult white male smokers and nonsmokers. When a
symptom score was used to combine information on usual cough,
usual phlegm, wheeze, and dyspnea, decrements in lung function
were greatest among those with most symptoms.
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Figure 13.—Percentage distribution of predicted forced
expiratory volume in 1 second (FEV)) versus
pack-year of cigarettes smoked, by cough and
sputum history

SOURCE: Burrows et al. (1977a).

In a study (Detels et al. 1982) designed to assess the relative
sensitivity and specificity of symptoms, the flow-volume curve (FV),
the single breath nitrogen test (SBNT), and specific airway conduc-
tance (Scaw) for identifying COLD were compared with the
FEV./FVC ratio and with one another in 1,201 residents of Los
Angeles 25 to 29 years old. The tests were done in 1978-1979 at a
followup examination of a previously defined cohort. Prevalence
rates of cough and sputum were 9 percent in never smokers, 26
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percent in current smokers, and 33 percent in smokers of 20 or more
cigarettes a day. Prevalence rates of an abnormal FEV/FVC ratio in
these groups were 8, 23, and 33 percent, respectively (the FEV:/FVC
ratio was considered abnormal if it was below the 95th percentile for
never smokers without a history of respiratory illness). The research-
ers found that there was very little overlap between the presence of
productive cough and abnormal tests, and that none of the tests of
function showed reasonable concordance with this symptom. Lack of
reasonable concordance meant that none of the other tests were
abnormal in 50 percent or more of the individuals with productive
cough. In this study, the FEV.1/FVC ratio was used as the standard
against which the sensitivities of the other tests were judged; the
sensitivity of the FEV./FVC itself was evaluated by its agreement
with those tests found to be sensitive in the study. The lack of an
independent method for identifying COLD, the cross-sectional na-
ture of these data, and the way in which analyses were done restrict
the ability to make biological inferences about the independence of
the effects of cigarette smoking that lead to cough and sputum or to
chronic airflow limitation. However, the authors note their findings
are consistent with the hypothesis that effects of smoking on cough
and sputum are independent of effects on airflow limitation.

Insights into the course and pathogenesis of COLD have been
developed by Fletcher and his colleagues from observations made
during their 8-year longitudinal studies of levels and rates of decline
in lung function in middle-aged working men in London (Fletcher
1976; Fletcher et al. 1976). These investigators found that various
measures of sputum production were correlated with FEV:standard-
ized for height and age, and that this correlation was weakened only
slightly by adjusting for smoking habits. The researchers maintained
that the association between sputum production and pulmonary
function could be due entirely to a common causation. Some men
with mucus hypersecretion had normal FEV;; conversely, some men
with airflow obstruction did not report phlegm. Nevertheless, the
relationship between phlegm and reduced FEV, was strong enough
to give rise to an estimated reduction in FEV| of about 0.1 liters for
every ml of sputum expectorated in the first hour after getting up.
However, because decline in FEV, (FEV; slope) was not related to
measures of sputum production when level of FEV: and smoking
habits were controlled, the researchers concluded that mucus
hypersecretion is not a cause of accelerated decline in FEV..
Furthermore, there was no evidence that short-term changes in
sputum production were associated with short-term changes in
FEV.. The researchers concluded that the association between
expectoration and reduced FEV is caused by the increased suscepti-
bility of some people to both expectoration and excessive loss of
FEV: when they are exposed to cigarette smoke or, presumably, to
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other noxious materials. This study has made important contribu-
tions to understanding the natural history of chronic bronchitis and
emphysema, but the duration of followup was only 8 years, the men
were 30 to 59 years of age at the start of the study, and their mean
age was 51 years at the midpoint. Similar studies of younger men
and women and observations over longer periods of time are needed
to extend these findings.

Johnston et al. (1976) found that sputum volume was not related to
decline in FEV, in a 10-year followup study of chronic bronchitic
patients. There was no difference in sputum volume between
patients whose FEV, fell by more than 33 percent and controls
(matched on initial FEV, ) whose FEV; did not fall. Furthermore,
sputum volume was reduced in response to stopping smoking or to
antibiotic treatment, whereas rate of decline of FEV, was unaffected.
In this and other studies (Higgins et al. 1970; Fletcher et al. 1976;
Peto et al. 1983) FEV, was strongly predictive of morbidity and
mortality, whereas respiratory symptoms were not.

Woolf and Zamel (1980) studied “normal” employed women aged
25 to 54 in a longitudinal study designed to identify smokers at
increased risk of developing COLD. Ventilatory function was mea-
sured at the beginning and at the end of a 5-year period during
which smoking habits and symptoms were ascertained annually.
Differences between initial and followup values of pulmonary
function tests were expressed as a percentage of the initial value and
compared in persistent nonsmokers and persistent smokers who
either consistently reported or consistently denied cough or sputum.
The decline in FEV,, FEV,/FVC, and FEF: % was greater in
symptomatic smokers than in asymptomatic nonsmokers, but not
significantly different in asymptomatic smokers compared with
either nonsmokers or symptomatic smokers. The average number of
cigarettes smoked during the course of the study was greater for
smokers with cough and sputum. Change in FEFa25 752 was evaluated
in individual smokers, and no association was detected between
cough and sputum and percentage change in this measure of lung
function. The investigators identified one group of smokers whose
decline in FEF25 75 was similar to that in nonsmoking women and
another group with a greater decline; cigarette consumption was
similar in the two groups. The investigators concluded that individu-
al susceptibility is an important determinant of the effect of
cigarette smoking, because some women develop symptoms and
others remain symptomless but experience rapid worsening of
ventilatory function. However, they noted a tendency for both cough
and sputum and rapid worsening of ventilatory function to coexist.
The number of women in some groups was very small, and the
measure of decline in lung function used by these researchers does
not take into account regression to the mean or assess absolute
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reduction; those with smaller initial values will have greater
percentage reductions for a constant absolute reduction in function.

Followup studies at 10 and 15 years of the Tecumseh, Michigan,
population showed that incidence rates of obstructive airways
disease were higher in men and women who reported cough, phlegm,
or both symptoms (chronic bronchitis) at entry compared with those
who denied these symptoms (Figure 14) (Higgins et al. 1982). Both
cough and chronic bronchitis were significant predictors of obstruc-
tive airways disease in men even when smoking habits were
controlled in multiple logistic analyses. However, respiratory symp-
toms were poorer predictors of impaired pulmonary function at
followup than were smoking habits and baseline levels of lung
function. In a multiple logistic model with age, smoking habits, and
level of lung function as risk factors, over 60 percent of the 10-year
incidence cases developed among men and women in the top 10
percent of the risk distribution, whereas only 36 percent of incidence
cases were in the top decile of risk when cough, rather than FEV,,
was used as a risk factor (Higgins 1984).

Summary

Cigarette smoking is associated with respiratory symptoms, in-
cluding mucus hypersecretion, and with prevalence and incidence of
COLD manifested by irreversibly impaired pulmonary function.
While some smokers develop both conditions, and those with cough
and phlegm are at increased risk of developing airways obstruction,
the conditions can occur separately by mechanisms that are imper-
fectly understood but appear to be different. The excess risk of
reduced FEV; or COLD in symptomatic smokers compared with
asymptomatic smokers may be a reflection of increased susceptibili-
ty in some individuals. However, it may also be a measure of
increased dose of cigarette smoke, in that smokers who report cough
and phlegm tend to smoke more heavily than smokers who deny
these symptoms, and measures such as numbers of cigarettes smoked
per day are not precise enough to control adequately for the amount
of smoke exposure. The rate, number, and volume of puffing as well
as the depth of inhalation can vary substantially between smokers
and are important additional measures of cigarette smoke exposure

dose.
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CHRONIC AIRFLOW OBSTRUCTION
Introduction

Airflow obstruction is the physiological consequence of disease
processes that narrow the airway. In asthma the obstruction is
reversible with pharmacologic bronchodilation, whereas the obstruc-
tion associated with airways damage and emphysema is often not
reversible. The terminology with regard to permanent airflow
obstruction has varied. The 1958 Ciba Foundation Guest Symposium
proposed “generalized obstructive lung disease,” which was subdivid-
ed into “asthma” and “irreversible or persistent obstructive lung
disease” (1959); in the 1962 recommendations of the American
Thoracic Society, “‘chronic obstructive bronchitis” was the only
definition that mentioned abnormality of expiratory flow (American
Thoracic Society 1962). In 1975, a joint committee of the American
College of Chest Physicians and the American Thoracic Society
recommended the term “chronic obstructive pulmonary disease”
{American College of Chest Physicians and American Thoracic
Society 1975). Thurlbeck (1976, 1977) has advocated the use of
“chronic airflow obstruction,” a functionally based definition that
does not specify the underlying disease processes. Previous Reports
of the Surgeon General have used varying terminology, including
“chronic bronchopulmonary disease” in 1964, “chronic obstructive
bronchopulmonary disease” in 1971, and “chronic obstructive lung
disease” in 1979 (USPHS 1964, 1971; USDHEW 1979).

These definitions, however, cannot be readily applied to identify
specific populations. Physiologists, epidemiologists, and clinicians
often use differing approaches in determining whether airflow
obstruction is present (Fletcher 1978). Physiologists, with the
capability for making sophisticated laboratory measurements of
airflow obstruction, may regard subtle early abnormalities of flow as
definitive. In the community, epidemiologists have generally used
spirometry as the primary method for assessing airflow obstruction.
For epidemiologic purposes, airflow obstruction is usually defined by
a forced expiratory volume in 1 second (FEV)) less than a particular
level after standardization for sex, age, and height, or by a ratio of
the FEV, to the forced vital capacity (FVC) below a specified value.
Tests of forced exhalation, such as the FEV,, have the advantage of
sensitivity to abnormalities of both the lung parenchyma and the
airways (Mead 1979). Clinicians are more likely to detect and
diagnose airflow obstruction when it is advanced and symptomatic.
As would be anticipated, the differing approaches of physioclogists,
epidemiologists, and clinicians may lead to differing estimates of the
frequency of airflow obstruction.

The natural history of chronic airflow obstruction in adults has
been partially described by several recent prospective investigations:
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Howard (1970), Bates (1973}, Sharp et al. (1973), Fletcher et al. (1976),
Fletcher and Peto (1977), Bosse et al. (1981), Beck et al. (1982), and
Clement and van de Woestijne (1982). Although these investigations
did not characterize the course of airflow obstruction across the
entire human lifespan, the results provide a conceptual model for
considering its development (Figure 15). Ventilatory function, gener-
ally measured by the FEV, increases during childhood and reaches a
maximum level during early adulthood (Cotes 1979; Knudson et al.
1983). From this peak; the FEV, gradually and progressively declines
with age. In people who develop airflow obstruction, a similar
gradual loss of function occurs, but at a more rapid rate (Fletcher et
al. 1976; Speizer and Tager 1979). Continued excessive loss of FEV,
eventually results in symptomatic airflow obstruction when ventila-
tory function reaches a level at which activities are limited and
dyspnea occurs. Evaluation by a physician for symptoms may lead to
a clinical diagnosis at this point in the natural history of the disease
process. This model may not satisfactorily describe the development
of airflow obstruction in all individuals (Burrows 1981), but the
accumulating evidence, reviewed below, indicates that a sustained
excessive loss of ventilatory function most often leads to the
development of clinically important chronic airflow obstruction.

In the conceptual model (Figure 15), there are three different
measures of the frequency of airflow obstruction in a particular
population: the prevalence of reduced ventilatory function as
measured by the FEV,, the FEV/FVC ratio, or other physiological
parameters; the prevalence of physician-diagnosed airflow obstruc-
tion; and the frequency of excessive functional loss in a population
followed over time. The first two measures can be determined from a
single cross-sectional survey, whereas the third requires longitudinal
observation. At present, scant data are available for the third
category. The prevalence of physician-confirmed airflow obstruction
is determined not only by the proportion of affected people in the
population, but also by the patterns of medical care access and usage
and the diagnostic practices of individual physicians. Furthermore,
the clinical labels applied by physicians to people with airflow
obstruction are variable and may include “chronic bronchitis,”
“emphysema,” “COLD,” and other terms. Thus, estimates of disease
prevalence based on reported physician diagnoses may differ from
those derived from physiological assessment.

Prevalence of Airflow Obstruction

Numerous populations throughout the world have been surveyed
to assess the prevalence of airflow obstruction (Stuart-Harris 1968a,
1968b; Higgins 1974). Most often, the investigative techniques have
included a respiratory symptoms questionnaire and measurement of
pulmonary function, generally with a spirometer or peak flow meter.
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FIGURE 15.—Decline of FEV, at normal rate (solid line)

and at an accelerated rate (dashed line)
NOTE: A: person who has attained a “normal” maximal FEV) during lung growth and development; B: person
whose maximal FEV, has been reduced by childhood respiratory infection.
SOURCE: Samet et al. (1983).

The latter technique has the disadvantage of effort dependence.
Early recognition of the potential problem of observer bias led to the
development of standardized methods (Cochrane et al. 1951; Higgins
1974; Ferris 1978). Thus, most investigators throughout the world
have used the British Medical Research Council questionnaire in the
original form or with some modifications (Samet 1978). Standardiza-
tion has been less uniform for lung function measurements, but
minor variations in procedures would not introduce important
differences in disease prevalence among the various populations
examined.

Although many different populations have been surveyed since
the 1950s, surprisingly few published reports provide data concern-
ing the prevalence of airflow obstruction in the general population

7
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(Tebles 4 and 5). Comparisons among the available studies are
limited by varying methodologies and inconsistent approaches in
calculating rates. For example, only crude rates are available in
some reports, and reference populations for age standardization also
vary. The investigations summarized in Tables 4 and 5 were selected
because they offer estimates of the prevalence of airflow obstruction
in defined community-based samples. Those reports that describe
mean levels of lung function parameters but not their distributions
were excluded. Investigations of specific occupational groups were
also excluded because prevalence estimates based on such popula-
tions may be biased by the overrepresentation of healthy persons
(Monson 1980) and workplace exposures may have affected the
frequency of disease.

For the United States, the available information spans the time
period 1961 to 1979 and covers most geographic regions (Table 4).
Regardless of the definition, it is apparent that airflow obstruction is
common among aduits in the United States. A higher proportion of
men than women is affected, and the prevalence increases with age
{Ferris and Anderson 1962; USPHS 1973; Lebowitz et al. 1975; Detels
et al. 1979; Samet et al. 1982). Few minority populations have been
studied. In New Mexico, Hispanic whites had a lower prevalence of
physician-diagnosed current chronic bronchitis or emphysema than
non-Hispanic whites (Samet et al. 1982). Although blacks have been
included in several surveys (Bouhuys et al. 1979), prevalence
estimates for this racial group have not been published. The
available data (Table 4) do not permit a satisfactory assessment of
changes in prevalence rates with time over the years 1961 to 1979.

The National Health and Nutrition Examination Surveys
{(NHANES 1) included spirometry in their evaluation of a represen-
tative sample of the U.S. population. The numerical values for these
measures are reported by age, sex, and smoking status for the white
population in the tables in the appendix to this chapter. The changes
in mean values of these measures between age groups are also
presented for white male and female smokers and nonsmokers in
Figures 16 through 23. Differences between smokers and nonsmok-
ers are evident for each of these spirometric measures. These
differences are portraved for successive age groups at one point in
time, and therefore cannot be used to describe the changes with age
or smoking status that one would expect in an individual or
vopulation followed sequentially. These data represent only those
people in the study population who were willing and physically able
to maximally exert themselves on the various spirometry tests.
Others were disqualified by the examining physician because of
existing meodical conditions. The sampling nonresponse was higher
amony segments of fne population expected to perform less well on
the test including neple with existing airflow limitation. Therefore,
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TABLE 4.—Prevalence of indices of airflow obstruction in selected U.S. adult populations

Author, year of study,
location, reference

Number and type
of population

Index

Prevalence (per 100)

Higgins and Kjelsberg, 4,500 men and women, Emphysema based on physician Men 41"
1959-1960, Tecumseh, 20 years or oider, history and examination Women L
Michigan (1967 community sample
Men Women
Higgins, 1962-1979, 4,916, 4,443, and 4,930 Obstructive airways disease:
Tecumseh, Michigan men and women, 16 FEV, less than 65% predicted, 1962-65 482 25°
(1983 to 74 years old, in and FEV,/FVC ratio less 1967-69 372 14
1962-65, 1967-69, 1978-79 than 80% 197%- 79 372 2.2*

Ferris and Anderson, 1961, 1,167 men and women, Irreversible obstructive Men 8.6!
Berlin, New Hampshire community sample lung disease, including Women 81!
(1962) wheezing, dyspnea, or

FEV,/FVC ratio less than

60%
Mueller et al., 1967, Glen- 609 men and women, Chronic airway obstruction: Men 13.2!
wood Springs, Colorado community sample FEV,/FVC ratio less than Women 1.5t

(1971)

60%

U.S. Public Health Service,
1970, United States (1973)

116,000 men and women,
nationwide sample

Presence of the condition
during the previous year

Chronic bronchitis

Men SR
Women 34
Emphysema
Men 1.0
Women 03!
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TABLE 4.—Continued

Author, year of study,
location, reference

Number and type
of population

Index

Prevalence (per 100)

Lebowitz et al., 1972-1973,
Tucson, Arizona (1975)

3,805 men and women,
adults and children,
community sample

Physician-confirmed illness,
current

Men over 44 years

Knudson et al., 1972-1973,
Tucson, Arizona (1976)

3,805 men and women,
adults and children,
community sample

FEV, and FEV,/FVC ratio
fower than 95th percentile
for “normal”

Detels et al., 1973-1974,
Burbank and Lancaster,
California (1979

3,465 and 4,509 men

and women, in Burbank
and Lancaster, respectively,
community samples

FEV, less than 50% of
predicted value

Tager et al., 1973-1974,
East Boston, Massachusetts
(1978

1,770 men and women,
community sample of
index subjects and
their relatives

FEV, less than 66% of
predicted

Ferris et al.,, 1974-1977,
six cities in the U.S.
(1979

7,909 men and women,
community sample

FEV,/FVC less than, equal
to 60%

Chronic bronchitis 10.2
Emphysema 13.3!
Women over 44 years
Chronic bronchitis 90!
Emphysema 43!
Asymptomatic cigarette smokers
FEV, 78!
FEV,/FVC 8.1!
Lancaster
18-59 yrs 0.8?

60 yrs 6.5°
Burbank
18-59 yrs 1.0?

60 yrs 6.2
Men 56°
Women 34
Men 50
Women 19
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Author, year of study,
location, reference

Number and type
of population

Index

Prevalence (per 100)

Non-Hispanic whites

Samet et al., 1978-1979, 1,722 men and women, Physician-diagnosed current Men 3.6
Albuguerque, New Mexico community sample chronic bronchitis or Women 34
(1982 emphysema
Hispanic whites
Men 0.8?
Women 18:
! Crude rate.
* Age-adjusted rate.
* Age and sex-adjusted rate.
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TABLE 5.—Prevalence of indices of airflow obstruction in selected adult non-U.S. populations

Author, year of study,
location, reference

Number and type
of population

Index

Prevalence (per 100)

Anderson et al., 1963,
Chilliwack, British
Columbia (1965)

558 men and women,
community sample

Obstructive lung disease,
including wheezing, dyspnea,
or FEV,/FVC ratio less than
60%

FEV,/FVC ratio less than
60%

Mimica, 1969, Croatia,
Yugoslavia (71975)

4,214 men and women,
samples of six
communities

FEV,/FVC ratio less than
60%

Sawicki, 1968, Krakow,
Poland (1977

4,355 men and women,
community sample

FEV,/FVC ratio less than
60%

Huhti et al., 1968-1970,
Hankasalmi, Finland (1978

1,162 men, community
sample

FEV,/FVC ratio less than
60%

Brown and Gajdusek, year
not stated, Western
Caroline Islands (1978)

240 men and women,
community sample

Chronic obstructive airway
disease: clinical and spiro-
metric criteria

Anderson, year not stated,
Lufa, Papua New Guinea
(1979

770 men and women,
25 years or older,
community sample

FEV,/FVC ratio less than
60%

Men 126"
Women 87!
Men 73
Women 35!
Men 83!
Women 19!
Men 70!
Women 50!
Men 76!
Men and

women 79!
Men 9.0!
Women 36!

! Crude rate.



the estimated means are probably overestimates of the true popula-
tion values. Nevertheless, the figures clearly portray the magnitude
of the effect that smoking exerts on expiratory flow rates in a
national population sample.

Airflow obstruction is also prevalent outside the United States
(Table 5). The disease can be identified in both technologically
advanced and less developed populations. As in the United States, in
other countries the prevalence of airflow obsiruction is higher
among men than among women.

Determinants of Airflow Obstruction
Introduction

Current understanding of the natural history of airflow obstruc-
tion suggests that risk factors operative during both childhood and
adulthood may influence the development of disease. In the concep-
tual model proposed in Figure 15, childhood factors n:ight increase
the risk of airflow obstruction by lowering the maximum FEV;
attained during lung growth and development, by predisposing to
increased FEV, decline during adulthood, or by both mechanisms
(Speizer and Tager 1979). During adulthood, in the model of Figure
15, risk factors for airflow obstruction must increase the rate at
which lung function deteriorates.

Many endogenous and exogenous determinants of the develop-
ment of airflow obstruction have been postulated (Tables 6 and 7).
However, in spite of over 30 years of intensive investigation, the
available data are definitive only for cigarette smoking and for a,-
antitrypsin deficiency (Speizer and Tager 1979; USDHHS 1980).

Cigarette Smoking and Chronic Airflow Obstruction

In nearly every population studied worldwide, cigarette smoking is
the predominant determinant for the prevalence of airflow obstruc-
tion (Tables 8, 9, and 10). The uncommon exceptions primarily
involve populations in whom severe chest infections or wood smoke
exposure may have an etiological role (Wooicock et al. 1973;
Anderson 1979a). The relationship between cigarette smoking and
airflow obstruction has been variably described in the published
reports. In some, the prevalence of airflow obstruction has been
considered; in others, mean values of lung function parameters have
been compared across categories of smoking use. In several more
recent analyses, multiple regression or other multivariate tech-
niques have been used for more careful characterization of dose-
response relationships. Because the epidemiologic eriteria for airflow
obstruction are genvrally based on the FLEV,, this section focuses on
stidies that have included measuvements of this parameter. The
selected studies invoive community samnles (Tobles 8 ond 9 and
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FIGURE 19.—Mean flow at 75 percent of FVC for white
persons by smoking status, sex, and age,
United States, 1971-1975

NOTE: Values adjusted by the direct method to reflect the age distribution of the U.S. population at the
midpoint of the survey.

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and
Examination Survey (NHANES 1).

87



Men
85—
80.7
80— 78.8
~~ 77.5
F e T 75.8
T 75+ T~ 73.5
s 753 " TTmeel ‘“‘-~\\§\\\\§\\\3
= 780 TTTm-l
70 -~
706 T~
65 —— Never smokers 67.0
-~~ Current cigarette smokers
A
o l T T T T T
25-34 35-44 45-54 55-64 65-74
Age group
90 7 Women
85 H
80—
£
S 754
-
b
70+
65
R
o al T T T T T
25-34 35-44 45-54 55-64 65-74
Age group

FIGURE 20.—Mean FEV./FVC ratio for white persons by
smoking status, sex, and age, United States,
1971-1975

NOTE: Values adjusted by the direct method to reflect the age distribution of the U.S. population at the
midpoint of the survey.

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and
Examination Survey (NHANES 1).

85



4500+

4000

3500 —

3000 —

Mean (mi)

2500 -~

2000 —~

1500 —

1000 —

NN

3188

~—— Never smokers
~-- Current cigarette smokers

3500 3357

-

2500

Mean (mi)

2000

Age group

FIGURE 21.—-Mean MMEF for white persons by smoking

midpoint of the survey.

T T T 1

3544 45-54 55-64
Age group

65-74

Women

status, sex, and age, United States, 1971-1975

NOTE: Values adjusted by the direct method to reflect the age distribution of the U.S. population at the

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and
Examination Survey (NHANES 1).

89



9000 7
8500 —
8000
750C —

7000

6500 —

Mean (ml)

6000
55007{
5000
4500

4000

6000 n
5500 ~
5000 --

4500 —~

Mean (ml)

4000
3500
3000 -

2500

25 34

FIGURE 22.—Mean MEFR for white persons by smoking
status, sex, and age, United States, 1971-1975

NOTE: Values adjusted by the direct method to reflect the age distribution of the U.S. population at the

midpoint of the survey

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and

Men

58347+
N
N
N
N
N
\\
—— Never smokers \\.
——~ Current cigarette smokers 4341
- T - T 1 * T
3544 45-54 5564 65-74
Age group
592
° Women

45-54
Age group

3544 55-64

Examination Survey (NHANES 1).

90



5500
1 ~ Mo

|
= 4500 —
E T
(=4
©
[+
2 4000 —
3500 —
| ~
1 J—
{ Never smokers 3325
! —=- Current cigarette smokers
3000 —
oA
25-34 35-44 45-54 5564 65-74
Age group
4000 .
| Wwomen
3500 o
I
g J
é 3000 —
= ‘\\\\3303
2712 Te—-C
2500 2533
NN
RPN
i _ — R
0 ] - , o - T i
25-34 35-44 45-54 55-64 65~74

Age group

FIGURE 23.—Mean forced vital capacity for white persons
by smoking status, sex, and age, United
States, 1971-1975

NOTE: Values adjusted by the direct method to reflect the age distribution of the U.S. population at the
midpoint of the survey.

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and
Examination Survey (NHANES 1).

91



TABLE 6.—Postulated risk factors for airflow obstruction
during childhood

Active cigarette smoking
Air pollution. indoor and outdoor
Airways hyperreactivity
Atopy
Familial factors
Passive expescre to tobacco smoke
Respiratery illnesses
Sociceconomic wtatus

ABLE T.~Mgorbdity

3TABLSHED Risk FACTORS FOR AIRFLOW OBSTRUCTION DUKING ADULTHOOD

Active cigarette smoking
Alpha,-antitrypsin deficiency

PLfTA‘[‘l‘v’E RISK 1A TORS FOR AIRFLOW OBSTRUCTION DURING ADULTHOOD

ABH secretor status
Air pollution
Airways hyperreactivity
Alcohol consumption
Atopy
Childhood respiratory illnesses
Familial factors
Occupation
Passive exposure to tobacco smoke
Respiratory illnesses
Socioeconomic status

occupational groups (Table 10) with exposures that have little or no
effect on lung function. The selected studies are all cross sectional in
design and thus describe the relationship between cigarette smoking
and lung function level at only a single point in time.

Investigations in the United States, spanning the time period 1958
to 1977, convincingly demonstrate that cigarette smoking is a strong
determinant of FEV, level and the prevalence of airflow obstruction
(Table 8). In every population for which prevalence data are
available, airflow obstruction is more common among smokers than
among nonsmokers (Mueller et al. 1971; Knudson et al. 1976; Detels
et al. 1979; Rokaw et al. 1980). In fact, in a multivariate analysis of
determinants of airflow obstruction in East Boston, lifetime cigarette
consumption was the only statistically significant predictor (Tager et
al. 1978). Data from populations outside the United States (Table 9)
and from a variety of occupational groups (Table 10) confirm the
importance of cigarette smoking. Effects of cigarette smoking on
FEV, level have been readily demonstrated in employed populations
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TABLE 8.—Association between cigarette smoking and FEV, level in selected U.S. adult populations

Author, year of study, Number and type
location, reference of population Findings
Ashley et al, 1958, 1,238 men and women, By linear regression, significant decline of FEV,/FVC ratio
Framingham, Massachusetts, 37 to 69 years of age with pack-years of cigarette consumption in men; similar
(1975) decline demonstrated in women, but not significant for all
age groups
Age-adjusted mean FEV, (liters)
Higgins and Kjelsberg 1959~ 5,140 men and women, Men Women
1960, Tecumseh, Michigan 16 to 79 years of age Nonsmokers 3.32 2.34
(1967 Ex-smokers 331 2.34
Current smokers 312 2.28
Mean FEV, (liters)
Higgins et al., 1963, Marion 926 white men, 20 Nonsmokers 364
County, West Virginia to 69 years of age Ex-smokers 3.25
1968a} Current smokers
1-14/day 367
15-24/day 351
> 25/day 3.30
Mean normalized FEV, score
Higgins et al,, 1962-1965, 4,669 men and women, Men Women
Tecumseh, Michigan (1977 20 to 74 years of age Nonsmokers 10.2 101
Ex-smokers 9.9 10.0
Current smokers
< 20/day 98 99
» 20/day 95 9.6
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TABLE R.—Continued

Authar, year of studv,
iocalion. reference

Number and tvpe
of popuiation

Findiins

Mueller ot al, 1967,
Glenwood, Colorads
(19710

609 :acn and women,
A to 63 years of age

Prevalence of FEV,/FVC <60

Men Women
Nonsmokers 3 H
Current smckers 19 2

Ferrin et al., 1967, Berlin,
New Hampeshire (1979}

848 men and women,
30 to 80 years of age

By multiple regression, in men and women, FEV, drops by
0.01 liters for each cigarette smoked per day

Burrows et al., 1972-1972,
Tucson, Arizona (1977

2,368 men and women,
above 14 years of age

By multiple regression analysis, FEV, drope by 0.31 and
0.24 percent of predicted value per pack-year of smoking
in men and women, respectively

Knudson et al., 1972-1973,
Tucson, Arizona (1976)

2,735 men and women,
all ages

Prevalence (%) of abnormal FEV, and/or FEV,/FVC .

Asymptomatic nonsmokers 83
Asymptomatic smokers 133

Tager and Speizer, 19731974,

Fast Boeton, Massachusetts
(1978

633 men and women,
15+ years of age

By multiple regression, in men and women, significant
reduction of an FEV, score with increasing lifetime
consumption, and in smokers compared with nonsmokers

Tager et al, 19731974, East
Boston, Massachusetts {1974

1,251 men and women,

By multiple logistic analysis, lifetime cigarette consumption
only significant predictor of airflow obstruction, defined as
FEV, less than 65% predicted

Beck et al, 1972-1974,
Lebanon and Ansonia, Con-
nectict:t, Winnsboro, South
Carolina (1681

4,690 men and women,
7+ years of age

By multipie regression analysis, significant dose-response

relationshipe of adjusted residual FEV, with measures of

cigarette smoking: duration, pack-years, and cigarettes per
day
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TABLE 8.—Continued

Author, year of study,
location, reference

Number and type
of population

Findings

Ferris et al., 1974-1977,
U.S. communities (1979

8,480 men and women,
25 to 74 years of age

Mean residual FEV, (liters) after correction for height and age

Lifetime packs

None

< 3,000
3,000-8,999
9,000-17,999
> 18,000

Men

0.25
0.21
0.01
-0.19
-0.45

Detels et al., Rokaw et al.,
1973-1975, Burbank, Lan-
cagter, Long Beach,
California (Detels et al.,
1979, Rokaw et al., 1980)

Approximately 8,000
men and women, 18
years or older

Prevalence (%) of FEV, below 75% predicted, age and sex-adjusted

18-59 years old
Burbank
Lancaster

Long Beach

>60 years old
Burbank
Lancaster

Never smoked

6.6
34
5.3

159
134

Current smoker

125
6.6
10.0

23.5
217
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TABLE 9.—Association between cigarette smoking and lung function in selected non-U.S. populations

Author, year of study,
location, reference

Number and type
of population

Findings

Higgins, 1956, Vale of
Glamorgan, Wales (1957

581 men and women,
25 to 74 years of age

Ir men, reduced peak flow rates and indirect maximum voluntary
ventilation in smokers compared with nonsmokers;
no effect of smoking in women

Higgins et al., 1957
Stavely, England
(1959

776 men, aged 25 to
34 and 55 to 64

Mean indirect maximal breath capacity (liters)

25 to 34 yrs 55 to 64 yrs
Nonsmokers 145 101
Ex-smokers 143 89
Current smokers
Light 140 87
Heavy 133 80

Higgins et al., 1968, Rhondda
Fach, Wales (1961)

537 men, aged 35 to 64,
and 173 women,
aged 55 to 64

Mean indirect maximal breathing capacity (liters), men

Miners Nonminers
Nonsmokers 93.1 1146
Ex-smokers 93.6 105.9
Current smokers
Light 89.0 104.1
Heavy 88.3 994

No effect of smoking in women
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TABLE 9.—Continued

Author, year of study,
location, reference

Number and type
of population

Findings

College of General Practitioners,
1958, Britain (1961)

787 men and 782
women, aged 40 to 64

Age-adjusted mean PEFR® (liters/minute)

Men Women
Nonsmokers 448 318
Ex-smokers 417 300
Current smokers
1-14/day 412 314
15-24/day 399 310
>2b/day 398 265

Sluis-Cremer and Sichel,
1962-1963, Carletonville,
South Africa (1968

533 men, 35 years
or older

Reduced FEV, and PEFR' with increased tobacco consumption

Huhti, 1961, Harjavalta,
Finland (1967)

420 men, 608 women,
aged 40 to 64

All women, nonsmokers; in men, reduced FEV, and PEFR"® in
smokers compared with nonsmokers

Wilhelmsen et al.,, 1963,
Goteborg, Sweden (7969

339 men, aged 50

Mean FEV, (liters)

Nonsmokers 372
Ex-smokers an
Current smokers
1-14 g/day 358
>15 g/day 3.36

Huhti et al, 1968-1970,
Hankasalmi, Finland (1978

1,162 men, aged 25 to
69

Reduced FEV, in smokers compared with nonsmokers; increased
prevalence of FEV,/FVC ratio less than 60% in smokers
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TABLE 9.—Continued

Author, year of study,
location, reference

Number and type
of population

Findings

Mimica, 1969, Croatis,
Yugoslavia (1975

4,214 men and women,
35 to 54 years of age

Mean FEV, (liters)

Men Women
Nonsmokers 3.58 2.62
Ex-smokers 3.57 2.70
Current smokers
Light 3.42 2.64
Heavy 342 2.60

Neri et al., 1969-1973,
Sudbury and Ottawa, Canada
(1975)

5488 men and women,
14 years of age
or older

Declining ratio of FEV,/FVC with number of cigarettes smoked
daily

Manfreda et al., 1974,
Portage la Prairie and
Charleswood, Canada
(1978

502 men and women,
25 to 55 years of age

Significant regression of FEV,/FVC ratio on number of
cigarettes smoked daily

Anderson, year not stated,
Karkar Island, Papua New
Guinea (1976)

548 men and women, 25
years of age or older

Age and height-adjusted mean FEV, (liters)

Anderson, year not stated,
Lufa, Papua New Guinea
(1979

733 men and women
25 years of age or
older

Men Women
Nonsmokers 2.56 213
Smokers 2.40 201

Age and height-adjusted mean FEV, (liters)

Men Women
Nonsmoker 2.58 2.36
Ex-smoker 2.62 227
Occasional 257 2.29
Regular 2,63 243

' Peak expiratory flow rate
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TABLE 10.—Association between cigarette smoking and lung function level in selected occupational

groups

Author, year of study,
tocation, reference

Number and type
of population

Sharp et al., 1960-1961,
Chicago, U.S. (1965)

1,887 men, aged 43 to
58 years, employed at
an electronics plant

Fletcher et al., 1961,
London, England (1976)

%)

1,136 men aged 30

to 59, employed at bank
or in maintenance of
transporiation equipment

Findings
Mean FEV, (liters)
Nonsmokers 3.15
Smokers
<one pack per day 3.02
>one pack per day 2.90
Adjusted FEV, (liters)
Nonsmokers 3.28
Ex-smokers 3.16
Current smokers
1-4 cigarettes/day 2.81
5-14 cigarettes/day 3.05
15-24 cigarettes/day 299
» 25 cigarettes/day 294

«
Goldsmith et al, 1961, San
Francisco, U.S. (1962

3,311 longshoremen

Mean FEV, percent of predicted value

Never smokers 100
Ex-smokers 97
Current smokers
10 cigarettes/day 93
11-39 cigarettes/day 93

>40 cigarettes/day 94
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TABLE 10.—Continued

Author, year of study,
location, reference

Number and type
of population

Balchum et al., 1961, Los
Angeles, U.S. (1962

1,456 men employed in
various industries

Findings
Prevalence (per 100) of FEV,/FVC ratio less than 70 percent
Nonsmokers 76
Smokers 188

Coates et al.,, 1962, Detroit,
US. (1965)

1,584 male and female
postal employees,
aged 40 or older

Reduced FEV, and FEV,/FVC ratio in smokers of 25 or more
cigarettes daily compared with nonsmokers

Densen et al., 1961-1963, New
York City, US. (1969

12,500 males empioyed
as postal or transit

workers

Age- and height-adjusted FEV, (liters)
Postal workers Transit workers

White Nonwhite White Nonwhite

Nonsmokers 3.29 3.05 3.39 3.08
Cigarette smokers
<25 g per day 3.14 2.95 3.15 3.00
>25 g per day 3.06 293 3.02 295

Bandé et al.,, 1960-1975,
Belgium (7980)

7,123 male military
personnel, a few
over age 45

By multiple regression, in crosssectional analysis,
significant effect of smoking on FEV, level after age 35

Comstock et al., 1962-1963
and 1967, U.S. and Japan
(1973

Three cross-sectional
studies of men working
for telephone company;
U.8.~-1,302 and

1,194 subjects, aged

40 to 65, 6% in

study; Japan—592
subjects, aged 40 to 60

Mean FEV, level as percent predicted

US. Japan
Study 1 Study 2
Cigarettes per day
None 106 103 9
1-14 104 101 100
15-24 98 92 98
>25 95 93 99
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TABLE 10.—Continued

Author, year of study,
location, reference

Number and type
of population

Findings

Khosla, 1964, Port Talbot,

7,701 males employees

Adjusted mean FEV, level (liters)

United Kingdom (1971) in the steel industry Never smokers 370
Current smokers
< 15 cigarettes/day 357
15-24 cigarettes/day 348
25-34 cigarettes/day 341
> 35 cigarettes/day 3.37
Schlesinger et al., 1968, 4,331 male civil servants, Mean value of the FEV,/FVC ratio
Israel (1972) aged 45 or older Nonsmokers 76.0
Ex-smokers 74.3
Current smokers
1-19 cigarettes/day 739
> 20 cigarettes/day 7217

Kesteloot et al., 1968-1969,
Belgium (1976

4,961 males in the
Belgian military,
aged 15 to 59

By multiple regression, FEV, reduced by 0.14 liters in
smokers of 1-19 cigarettes daily and by 0.23 liters in
smokers of 20 or more daily

O'Donnell and de Hamel, 1969
1970, New Zealsnd (1976)

1,079 male public
servants, up to age
65

Reduced mean FEV, in smokers of 10 or more cigarettes
daily; increased prevalence of FEV, below 80 percent of
predicted in smokers of more than two packs daily

Linn et al, 1973, San Fran-
cisco and Los Angeles,
US. (1976)

644 male and female
office workers, aged
17 to 60

By analysis of covariance, significant reduction of FEV, in
smokers compared with nonsmokers

Fndelman et al., year not
stated, Baltimore, U.S.
(1966)

410 male volunteers,
aged 20 to 103

By partial regression analysis, significant reduction of
FEV, in current and former cigarette smokers
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TABLE 10.—Continued

Author, year of study,

Number and tvpe

location, reference of population Findings
Woolf and Suero, year not 298 female volunteers Adjusted mean levels
stated, Toronto (1971) employed at commercial FEV, FEV,/FVC ratio
firms, aged 25-54 Nonsmokers 2.65 86.7
Ex-smokers 264 85.0
Current smokers
70 cigarettes/week 2.63 85.2
71-140 cigarettes/week 2.50 85.1
> 140 cigarettes/week 245 84.1
Krumholz and Hedrick, year 227 male executives, Mean values
not stated, Dayton. U.S. aged 35-64, selected
(1973) to include nonsmokers FEV, FEV,/FVC
(n=136) and long- Nonsmokers 3.80 71.3
term smokers (n=91) Smokers 342 736
Grimes and Hanes, year not 1,059 male and By multiple regression, significant reduction of FEV, level

stated, Los Angeles, U.S.
(1973)

female insurance
company employees

in male smokers but not in female smokers

Lefcoe and Wonnacott, year
not stated, western Ontario,
Canada (1979

1,072 males in four
occupational groups

By multiple regression, significant reduction of FEV, in
current cigarette smokers

Higgenbottam et al, year not
stated, London, England (1980)

18,403 male civil
servants, aged
40 to 64

Reduced FEV, in cigarette smokers compared with nonsmokers,
increased effect with increasing daily amount in current
smokers




{Table 10), even though people with symptomatic airflow obstruction
may be likely to retire from their jobs.

Recently, predictors of the incidence of airflow obstruction have
been examined with multivariate techniques in data from popula-
tion samples in Tecumseh, Michigan (Higgins et al. 1982), and in
Tucson, Arizona (Lebowitz et al. 1984). In Tecumseh, the strongest
predictors of airflow obstruction (defined as an FEV, less than 65
percent of predicted) were age, the number of cigarettes smoked
daily, changing smoking habits, and the initial FEV, level (Higgins
et al. 1982). The addition of other variables to the predictive model
did not greatly improve its validity. In Tucson, these same variables,
along with certain symptoms and illnesses, and skin test reactivity
were significant predictors (Lebowitz et al. 1984). During the 10
vears of followup of a population sample in Finland, incidence cases
of chronic airflow obstruction (defined as FEV,/FVC ratio less than
60 percent) were observed only in those who continued to smoke
(Huhti and Ikkala 1980). These studies of incidence highlight the
importance of cigarette smoking in the etiology of airflow obstruc-
tion; new cases are rare among nonsmokers.

Dose-Response Relationships

Dose-response relationships between FEV, level and the amount
of cigarette smoking have been described with simple descriptive
statistics and further characterized by multiple regression analysis.
In cross-sectional data, the FEV; level varies inversely with the
amount smoked. Although the variation in mean FEV, levels among
strata of smoking appears clinically unimportant, the distributions
of values in smokers and nonsmokers are quite different (Figure 4).
Cigarette smokers more often have abnormal lung function, regard-
less of the criteria applied to the population (Mueller et al. 1971;
Knudson et al. 1976; Burrows et al. 1977a; Detels et al. 1979; Rokaw
et al. 1980; Beck et al. 1981). This increased prevalence of abnormal
function is a result of the skewed distribution of function in smokers,
with a subgroup of the smokers showing a large decline rather than
the entire group shifting by a small amount (Figure 4). As noted in
this reference, however, there are decreasing numbers of smokers
with FEV, above the mean for nonsmokers as pack-years increase,
suggesting that all smokers are probably somewhat affected, even
though only a minority eventually develop clinically significant
airflow limitation.

In several populations, the relationship between cigarette smoking
and FEV, level has been examined in greater detail. Burrows et al.
{1977a) used linear multiple regression analysis to examine the
relationship between cigarette smoking and ventilatory function in a
population sample in Tucson, Arizona. Pack-years, a cumulative-
dose measure, was the strongest predictor of FEV; level among the
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smoking variables considered. In currently smoking men and
women, the FEV, declined by approximately 0.25 percent of the
predicted value for each pack-year of cigarette smoking; the effect
was of a similar magnitude in ex-smokers. Using data from three
separate U.S. communities, Beck and colleagues (1981) assessed the
importance of six separate smoking variables: amount smoked daily,
use of filters, inhalation, age started, age stopped for ex-smokers, and
cumulative pack-years. For the FEV,, the strongest predictors in
male current smokers were the duration of smoking and the amount
smoked; in female current smokers, only pack-year was statistically
significant. The number of years of cessation was associated with
FEV:in male but not in female ex-smokers.

However, in both the multiple regression analysis reported by
Beck et al. (1981) and that reported by Burrows et al. (1977a), the
measured cigarette smoke variables accounted for only about 15
percent of the variation of age- and height-adjusted FEV, levels.
Unmeasured aspects of cigarette smoking, other environmental
exposures, and the characteristics of the smokers must contribute to
the unexplained variation. A role for the type of cigarette smoked
has not yet been established (USDHHS 1981), and the impact of
differences in depth or pattern of inhalation and other aspects of the
pattern of smoking remains to be investigated; they are discussed in
more detail in the chapter on low tar and low nicotine cigarettes.
Further studies of these aspects of cigarette smoking are needed to
monitor the consequences of changing cigarettes.

Factors Other Than Cigarette Smoking

A number of risk factors other than cigarette smoking have been
postulated as contributing to the development of airflow obstruction
(Table 7). Of these, a definite role for a,-antitrypsin deficiency has
been established, but only the small number of persons with
homozygous deficiency incur markedly increased risk (Morse 1978).
The current hypotheses on susceptibility to cigarette smoke postu-
late roles for childhood respiratory illnesses (USDHEW 1979;
Burrows and Taussig 1980; Samet et al. 1983), for endogenously
determined hypersensitivity of the lung, and for other genetic and
familial factors (Speizer and Tager 1979; USDHHS 1980a). At
present, these hypotheses remain largely untested. The data are
similarly incomplete at present for the other factors listed as
putative risk factors in Table 7. The status of each is briefly reviewed
below.

ABH Secretor Status

Secretion of ABH antigens is a genetically determined trait that
follows an autosomal dominant inheritance pattern; approximately
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70 to 80 percent of the population excrete antigen into the body
fluids (Cohen et al. 1980a). In a genetic-epidemiology study in
Baltimore, Maryland (Cohen et al. 1980a), ABH nonsecretors had
lower levels of FEV/FVC ratio and a higher proportion with
FEV,/FVC ratio below 69 percent. Studies in France (Kauffmann et
al. 1982a, 1983) and in England (Haines et al. 1982) have confirmed
reduced expiratory flow rates in ABH nonsecretors. In contrast,
ABH secretor status did not predict the development of obstructive
airways disease in the Tecumseh, Michigan, population (Higgins et
al. 1982).

Air Poliution

Although exposure to air pollution at high levels may exacerbate
the clinical condition of persons with chronic lung disease, a causal
role for air pollution in the development of airflow obstruction has
not been established (Tager and Speizer 1979; USDHHS 1980b).
However, smoking is the major predictor for chronic airflow
obstruction in areas of high as well as low atmospheric air pollution.

Airways Hyperreactivity

Orie and colleagues in the Netherlands (Orie et al. 1960) speculat-
ed that bronchial hyperreactivity and allergy may predispose to
asthma and chronic bronchitis. Findings from two small longitudinal
studies have suggested that airways reactivity may influence indi-
vidual susceptibility to cigarette smoke. Barter and colleagues
followed 56 patients with mild chronic bronchitis during a 5-year
period (Barter et al. 1974; Barter and Campbell 1976). The rate of
decline of FEV, increased with the degree of airways reactivity, as
measured by reversibility with isoproterencl or responsiveness to
methacholine. Britt et al. (1980) measured change of FEV, in 20
young adult male relatives of patients with chronic obstructive
pulmonary disease. The decline of FEV, was approximately five
times larger in the nine subjects with a positive methacholine
challenge test. In patients with clinically diagnosed airflow obstruc-
tion, airways reactivity is also associated with more rapid decline of
lung function (Kanner et al. 1979). Because airway reactivity would
affect the FEV, directly as well as possibly influence the susceptibili-
ty to smoke, it is difficult to ascertain from these data whether the
relationship between airway reactivity and COLD is direct or
spurious.

Alcohol Consumption

The epidemiological data on alcohol consumption are conflicting.
A study of former alcoholics demonstrated an excess prevalence of
lung function abnormalities, including airflow obstruction (Emergil
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and Sobol 1977). In the Tucson population, alcohol consumption was
a significant predictor of ventilatory function after the effect of
smoking was controlled (Lebowitz 1981). The findings of an investiga-
tion in Yugoslavia were similar (Saric et al. 1977). However, two
large U.S. investigations did not demonstrate adverse effects of
alcohol intake (Cohen et al. 1980b; Sparrow et al. 1983a).

Atopy

Cross-sectional data from the Tucson population suggest increased
susceptibility to cigarette smoke in atopic people (Burrows et al.
1976). In subjects aged 15 to 54, the prevalence of an FEV/FVC ratio
below 90 percent of predicted value increased with skin test
reactivity among both smokers and nonsmokers. Subsequent reports
from this same study have not confirmed an overall relationship
between FEV, level and atopy, but indicate that atopy may predis-
pose to airflow obstruction in a subset of the population (Burrows et
al. 1977a, 1983). Burrows and coworkers (1981) also reported an
increased level of IgE in smokers independent of their allergy skin
test reactions, and the interrelationship of these factors is currently
being examined.

Childhood Respiratory lliness

In a longitudinal investigation of 792 English working men,
Fletcher and coworkers (Fletcher et al. 1976) found a cross-sectional
association between childhood illness history and FEV, level. The
decline of FEV, level during the study’s longitudinal phase was not
correlated with childhood illness variables. In contrast, analyses of
cross-sectional data from a population sample in Tucson suggested
that childhood respiratory illnesses may increase susceptibility to
cigarette smoke (Burrows et al. 1977b). In this population, people
with a history of respiratory trouble before age 16 demonstrated
excessive decline of ventilatory function with increasing age and
with increasing cigarette consumption.

Familial Factors

Familial aggregation of lung function level, adjusted for age,
height, and sex, has been demonstrated in populations in the United
States and elsewhere (Higgins and Keller 1975; Tager et al. 1976;
Schilling et al. 1977; Mueller et al. 1980). However, a recent report
suggests that the familial aggregation of lung function may be a
reflection of the familial aggregation of body habitus (Lebowitz et al.
1984). Relatively modest correlations of FEV, level have been
demonstrated between siblings and between parent—child pairs. The
role of familial factors is further supported by investigations
demonstrating increased prevalence of airflow obstruction in rela-
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tives of diseased subjects (Kueppers et al. 1977; Tager et al. 1978;
Cohen 1980). This familial factor cannot be explained by familial
resemblance of a,-antitrypsin phenotype or of ABH secretor status
(Kueppers et al. 1977; Cohen 1980). In the Tecumseh population,
however, family history of airflow obstruction did not predict the
incidence of this disease. The results of twin studies are also
consistent with genetic influences on FEV) level and suggest that
genetic factors may influence susceptibility to cigarette smoke
(Webster et al. 1979; Hankins et al. 1982; Hubert et al. 1982).

Occupation

Several population-based investigations suggest that occupational
exposures other than those recognized as causing lung injury may
have some effect on lung function level. In Tecumseh, mean age and
height-adjusted FEV, scores in men were highest in farmers and
lowest in laborers; the differences were not explained by smoking
and were present in nonsmokers (Higgins et al. 1977). Similarly, in
Tucson, men reporting employment in certain high risk industries or
exposure to specific harmful agents had a higher prevalence of
abnormal lung function (Lebowitz 1977a). In a Norwegian case-
control study, men employed in workplaces characterized as polluted
were at increased risk for clinically diagnosed emphysema (Kjuus et
al. 1981). Longitudinal studies of industrial populations also show
that occupational exposures may increase the rate of decline of
FEV:(Jedrychowski 1979; Kauffmann et al. 1982b; Diem et al. 1982).
For example, Kauffmann et al. (1982b) found that FEV: change
during a 12-year period varied with job exposures in an employed
industrial population. Effects of dust, gas, and heat were present, as
was evidence for a dose-response relationship between increasing
exposure and a greater rate of decline. In these studies, however,
smoking effects were generally much greater than the occupational
effects.

Passive Exposure to Tobacco Smoke
Passive exposure is discussed in detail elsewhere in this Report.

Respiratory llinesses

In an 8-year followup study of London men, chest infections were
not associated with a rate of FEVidecline (Fletcher et al. 1976). The
findings of several smaller longitudinal studies were similarly
negative with regard to respiratory infection (Howard 1970; John-
ston et al. 1976). It is now apparent that mucus hypersecretion and
airflow obstruction are separate pathophysiological entities that
have a common cause—cigarette smoking (Fletcher et al. 1976; Peto
et al. 1983).
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Socioeconomic Status

Weak effects of sociceconomic status on lung function level have
been demonstrated in community samples in Tecumseh (Higgins et
al. 1977) and in Tucson (Lebowitz 1977b). In both populations, lung
function appeared to be influenced independently by socioeconomic
status indicators, even after controlling for cigarette smoking. In the
Tecumseh study, FEV | increased slightly with increasing income and
education level (Higgins et al. 1977); in the Tucson study, the
proportion of people with an abnormal FEV, varied in a similar
pattern with these indices (Lebowitz 1977a). Effects of socioeconomic
status were present in nonsmokers in both investigations. Stebbings
(1971), in a sample of nonsmokers in Hagerstown, Maryland, also
demonstrated an association between lung function level and
socioeconomic status.

In summary, there is evidence that a number of factors other than
cigarette smoke may influence lung function, but the influence of
these factors is small relative to the effect of smoking, and the major
question is whether they can influence susceptibility to cigarette-
induced lung injury rather than whether they, of themselves, result
in lung disease in nonsmokers.

Development of Airflow Obstruction

At this time, the natural history of airflow obstruction has been
only partially described; a population has not yet been followed from
childhood to the development of airflow obstruction during adult-
hood. However, the available data from separate investigations cover
the entire course of the disease and support the conceptual model
proposed in Figure 15.

With aging, measures of function begin to deteriorate after age 25
to 30. In nonsmokers without respiratory disease, cross-sectional
data generally show that the FEV, declines by 20 to 30 ml per year
(Dickman et al. 1969; Morris et al. 1971; Cotes 1979; Crapo et al.
1981). Longitudinal data have been confirmatory (Tables 11 and 12).
For example, Tockman (1979) measured the FEV: loss during an 8-
year period in 399 male nonsmokers. In most, the FEV, declined at
25 ml annually; a few, with an initial FEV, lower than 2.5 ], lost 34
ml annually.

Sufficient excessive loss leads to the development of airflow
obstruction. However, many questions remain unanswered concern-
ing this process of functional deterioriation. It is unclear whether
the loss always occurs uniformly or if it develops in stages with
intermittent and relatively steep declines (Bates 1979; Burrows
1981). The concept that the decline is nearly always gradual receives
strong support from the findings of the 8-year longitudinal study
conducted by Fletcher and coworkers (1976). In this investigation of
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TABLE 11.—Association between cigarette smoking and longitudinal change in lung function in
selected population samples

Author, years of study,
location, reference

Number and type
of population

Findings

Higgins and Oldham, 1954-1959
Rhondda Fach, Wales (1962)

253 male miners, ex-
miners, and nonmining
controls

Annual decline of indirect maximal breathing capacity (liters/min)
Miners, ex-miners

Controls without pneumoconiosis
Nonsmokers 16 08
Ex-smokers (U 18
Current smokers
1-14 g/day 1.3 17
> 15g/day 1.6 22

Ashley et al., 1958-1968,
Framingham, US. (1975

399 men and 636 women,
aged 37 to 69 in 1958

10-year change in FEV,/FVC ratio
{age-standardized to overall distribution for each sex)

Higgins et al., 1957-1966,
tavely, England (1968b)

594 men, aged 25-34
or 55-64 in 1957

Men Women
Nonsmokers 0.21 -36
Continued smokers -13 —4.1
Stopped, 1958-1968 0.51 —-456
Annual decline of FEV7s~ (ml/year) by age and smoking in 1957
25-34 yrs 55-64 yrs
Nonsmokers 21 32
Ex-smokers 29 44
Current smokers
1-14g/day 37 54
> 15g/day 38 37
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TABLE 11.—Continued

Author, years of study,
location, reference

Number and type
of population

Findings

Huhti and Ikkala, 1961-1971,

492 men and 671 women,

Annual decline of FEV, (ml/year)

Harjavaita, Finland (1980) aged 40 to 64 in 1961 Men Women
Nonsmokers 33 27
Ex-smokers 45 21
Continued smokers 44 39
Stopped, 1961-1971 51 35
Wilhelmsen et al., 1963-1967, 313 men, aged 50 Annual decline of FEV, (ml/year)
Goteborg, Sweden (1969) in 1963 Nonsmokers 43
Ex-smokers 33
Current smokers
1-14g/day 70
> 15g/day 70
Stopped, 1963-1967 40
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Author, years of study,
location, reference

Number and type
of population

Findings

Oxhoj et al.. 1963-1973,
Goteborg, Sweden (same popu-
lation as Wilhelmsen et al.
1969) (1976)

269 men, aged 50
in 1963

Annual decline of FEV, iml/year)

Nonsmokers
Ex-smokers
Current smokers
Stopped, 1963-1973

40
3
58
49

Van der Lende et al,

894 men and women,

Mean annual decline of FEV,

Vlaardingen, 1967-1978, and aged 25 and older Unadjusted Adjusted
Viagtwedde, 1967-1976, Nonsmokers 13.3 16.6
Netherlands (71981 Ex-smokers 158 134
Pipe/cigar 24.4 22.6
<4 glcig 36 8.7
5-14 g/cig 222 209
15-24 g/cig 31.4 282
220 g/cg 35.8 340
Krzyzanowski, 1968-1973, 2,572 men and women, Annual decline of FEV, imi/year)
Cracow, Poland (1950) aged 19 to 70 Men Women
Nonsmokers 56 44
Continued smokers 73 53
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TABLE 12.—Association between cigarette smoking and longitudinal change in lung function in

selected occupational or other groups

Author, years of study,
location, reference

Number and type
of population

Findings

Comstock et al., 1962-1963 to
1967 or 1969, various locations

670 male telephone
company employees,

Decline in FEV, (iters) between surveys

U.S. 11970} aged 40 to 65 Nonsmokers 0.28
Ex-smokers 0.17
All smokers 0.41
Howard, 1956 to 1967, 159 male employees of Annual decline in FEVis+ (ml/year)
Sheffield, England (/970) an engineering works
Nonsmokers 0.036
Ex-smokers 0.025
Current smokers 0.031

DeMeyere and Vuylsteek, 1967
to 1970, Ghent, Belgium (1971)

627 male railroad
workshop employees

Annual decline in FEV, (ml/year)

Nonsmokers
Ex-smokers
Current smokers
1-14 g/day
>15 g/day
Stopped, 1961-1971

EEE K
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TABLE 12.—Continued

Author, years of study, Number and type
location, reference of population Firdings
Fletcher et al., 1961 to 792 male transport Annual decline of FEV, (ml/year)
1969, London, England maintenance or bank
11976} workers, aged 30 to Nonsmaokers 36
59 at entry Ex-smokers 31
Continued smokers
<5 cigs/day 44
5-15 cigs/day 46
15-25 cigs/day 54
> 25 cigs/day 54
Kauffmann et al., 1960 to 575 male factory Annual decline of FEV, (ml/year), adjusted for initial level
1972, Paris, France (1979 workers, aged 30 to
54 in 1960 Nonsmokers 40
Ex-smokers 44
Current smokers
< 15 g/day 46
>15 g/day 51
Jedrychowski, 1968 to 1973, 186 male employees of S-year decline of FEV, as percent of mean, by 1973 smoking
Cracow. Poland (1979 a fertilizer factory
Nonsmokers 3
Ex-smokers 5
Current smokers 7
Poukkula et al., 1967 to 659 male pulp mill Annual decline of FEV, (ml/year)
1977, Oulu, Finland (7982 employees, aged 18 to
64 in 1967 Nonsmokers 37
Ex-smokers 39
Continued smokers 49
Stopped, 1967-1977 48
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TABLE 12.—Continued

Author, years of study,
location, reference

Number and type
of population

Findings

Woolf and Zamel. years not
given, Toronto, Canada (1980}

302 female volunteers,
aged 25 to 54 at entry

5-year change in FEV, as percent of initial value

Nonsmokers 1.5
Ex-smokers 0.8
Smokers
<70 cigs/week 04
71-140 cigs/ week 3.6
140 cigs/week 4.
Bosse et al.. 1963-1968 to 850 male volunteers Annual decline of FEV, tml/year),
1969-1974. Boston, U.S, adjusted for age and initial level
1981 Nonsmokers 0.053
Ex-smokers 0.057
Current smokers 0.085

Love and Miller, 1957 to 1973
raverage followup, 11
vears), United Kingdom (7982}

1.677 male coalminers

11-year decline in FEV, tliters}

Nonsmokers
Ex-smokers
Intermittent smokers
Current smokers

041
0.48
0.52
0.53




792 employed men, the individual patterns of temporal change of the
FEV: were strongly variable, but the loss generally occurred
gradually. Fletcher et al. further demonstrated that FEV, level
correlated with FEV slope, a finding that they termed the “horse-
racing effect.” Correlation between slope and level would be antici-
pated, if functional loss occurs gradually. This correlation has
important implications for intervention; those losing FEV; more
rapidly should become identifiable early as they develop a reduced
FEV: level. Other studies, however, do not agree with either the
pattern of FEV| decline or the “horse-racing” effect. Rapid declines
to levels compatible with clinical disease or followed by a prolonged
plateau have been described (Howard and Astin 1969; Howard 1970;
Johnston et al. 1976). In a followup study of Canadian men with
chronic bronchitis, steep declines of FEV; without subsequent
improvement were frequently observed (Bates 1973). Additionally,
correlation of FEV, level and slope has been found in most other
longitudinal investigations (Howard 1970; Petty et al. 1976; Huhti
and Ikkala 1980; Bosse et al. 1981; Clement and van de Woestijne
1982; Kauffmann et al. 1982b), but not in all (Barter et al. 1974;
Krzyzanowski 1980).

Another unanswered question concerning functional deterioration
is whether gradual decline occurs in a linear or a nonlinear fashion
(Fletcher et al. 1976). Sufficient numbers of people have not yet been
followed to distinguish alternative patterns, although the available
data indicate acceleration of the decline with aging (Emergil et al.
1971; Fletcher et al. 1976).

In spite of these uncertainties concerning the development of
airflow obstruction, the available data indict cigarette smoking as
the primary risk factor for excessive loss of FEV:(Tables 11 and 12).
The findings in both general population samples (Table 11) and
occupational and volunteer cohorts (Table 12) have been similar.
Recent reports from Belgium (Bande et al. 1980; Clement and van de
Woestijne 1982) and from Connecticut (Beck et al. 1982), not readily
summarized in tabular form, also described a strong effect of
smoking on FEV: decline. A few studies have not shown increased
loss in cigarette smokers (Howard 1970; De Meyere and Vuylsteek
1971). Even in people with clinically diagnosed airflow obstruction,
continued smoking maintains the excess decline of FEV: (Hughes et
al. 1982), although not all findings are consistent (Ogilvie et al. 1973;
Johnston et al. 1976).

Dose-response relationships have been found in many investiga-
tions between the amount smoked during followup and the FEV,
decline (Tables 11 and 12). The reported increases from the lowest to
the highest smoking categories range up to 10 to 15 ml annually.
Although this additional loss in heavier smokers appears small, if
sustained for long periods of time it would shorten the time interval
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FIGURE 24.—Risks for men with varying susceptibility to
cigarette smoke and consequences of smoking

cessation
NOTE: + = death.
SOURCE: Fletcher and Peto (1977).

to the development of functional impairment. So far, favorable
effects of filter tip smoking and declining tar content on the rate of
decline have not been shown (Fletcher et al. 1976; Sparrow et al.
1983b).

Generally, sustained smokers experience a greater loss than those
who stop during followup. In the study by Fletcher et al. (1976) of
London men, subjects who stopped smoking at the beginning of the
followup period lost FEV; at the same rate as never smokers. The
results of two U.S. studies of ex-smokers are similar (Bosse et al.
1981; Beck et al. 1982). This reduced loss in ex-smokers emphasizes
the importance of active smoking and the immediate benefits of
smoking cessation (Figure 24). Smokers with reduced FEV: may be
protected from developing clinically significant loss by timely
smoking cessation (Fletcher and Peto 1977).

The distribution of FEV: decline has been characterized and
described for some populations, including patient groups (Burrows
and Earle 1969; Howard 1974; Barter et al. 1974), population samples
(Milne 1978), and occupational cohorts (Howard 1970; Fletcher et al.
1976). Similar data are also available for the mid-maximum expira-
tory flow, another measure of ventilatory function (Bates 1973;
Woolf and Zamel 1980). In each of these investigations, the distribu-
tion of FEV: decline is unimodal (Figure 25); that is, a distinct
population with more rapid decline is not sharply separated from
those with lesser rates. The modes and medians of the distributions
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are generally negative, but some subjects have had positive slopes
during the relatively brief followup period of investigations conduct-
ed up to this time.

The distributions tend to be skewed by subjects losing FEV: more
rapidly. The proportion of cigarette smokers is increased among
those in the tail of excess loss (Figure 25). For example, Clement and
van de Woestijne (1982) examined subjects with excess FEV, decline
in a prospective study of 2,406 members of the Belgian Air Force.
Losses beyond those expected from nonsmokers affected 6 percent of
nonsmokers, 7.5 percent of light smokers (< 20 cigarettes/day), and
12 percent of heavy smokers ( > 20 cigarettes/day).

The shape of the distribution of FEV, decline has important
implications for the development of airflow obstruction. Smokers are
not sharply separated from nonsmokers (Figure 25), but more often
lose FEV at a rapid rate. Because of this spectrum of severity, not all
smokers develop significant airflow obstruction. Although the fac-
tors that lead to excessive loss in individual smokers remain
uncertain, they may include differences in the pattern of smoking. It
is apparent, however, that this susceptible minority can be protected
by smoking cessation.
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Summary

During the 20 years that have elapsed since the 1964 Surgeon
General’s Report, the relationship between cigarette smoking and
airflow obstruction has been intensively investigated. Surveys of
community samples and other groups have established that airflow
obstruction is a common condition in the United States and
elsewhere. In some populations, as high as 10 percent of adults are
affected.

Determinants of lung function level and of the prevalence of
airflow obstruction have now been examined in many populations
throughout the world. Cigarette smoking is the strongest predictor of
abnormal measures of ventilatory function. A causal relationship
between cigarette smoking and airflow obstruction is supported by
the consistency of the many published reports, the strength of the
association, and the evidence for dose-response.

Many risk factors for airflow obstruction other than cigarette
smoking have been postulated, including other harmful environmen-
tal exposures and the inherent susceptibility of the smoker. Homozy-
gous a;-antitrypsin deficiency can explain only a minute proportion
of the disease burden. The development of airflow obstruction by
only a minority of smokers indicates that the interaction of smoking
with other factors may influence the risk for specific smokers.
Current research emphasizes the potential roles of childhood respira-
tory illness and airways hyperresponsiveness.

Longitudinal studies have now partially described the prolonged
natural history of airflow obstruction. Excessive loss of ventilatory
function, beyond that expected from aging alone, results in the
development of disease in cigarette smokers. Only a susceptible
minority of cigarette smokers lose function at a rate that will
eventually cause clinically significant impairment. For this group,
timely smoking cessation can prevent the development of disease.
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EMPHYSEMA
Introduction

Pulmonary emphysema is frequently present in the lungs of
individuals with chronic obstructive lung disease. This section has
three purposes: (1) to review the definition, types, and quantification
of emphysema; (2) to summarize the physiological and radiographic
feature of emphysema; and (3) to discuss critically the relationship of
smoking to emphysema, based upon observations in people and in
experimental animals. Current concepts of the pathogenesis of
emphysema are reviewed elsewhere.

Definition of Emphysema

The generally accepted definition of emphysema is an anatomic
condition of the lung characterized by abnormal dilation of air
spaces distal to the terminal bronchioles accompanied by destruction
of air space walls (American Thoracic Society 1962; Heard et al.
1979). Difficulties with this definition have been discussed by
Thurlbeck (1983). Normal air space dimensions have not been
determined, and criteria of destruction have not been defined. These
limitations hamper attempts to investigate the earliest lesions of
emphysema and the subtle effects of environmental agents on lung
structure,

Types of Emphysema

British pathologists pointed out in the forties and fifties that
emphysematous lesions in certain people involved the respiratory
bronchioles, which appeared as grossly enlarged airspaces in the
center of the primary lung lobules surrounded by normal lung. In
other individuals, the alveolar ducts were involved early, and even
mild involvement appeared grossly as a coarsening of the architec-
ture of the entire lobule. They designated the two polar patterns of
emphysema as centrilobular emphysema (CLE) and panlobular
emphysema (PLE) (Heppleston and Leopold 1961). Many lungs either
show both types of emphysema or are unclassifiable. Of 122 lungs
with emphysema examined by one pulmonary pathologist, 73 were
_considered mixed or unclassifiable and 49 were clearly CLE or PLE
(Mitchell et al. 1970). When the agreement of three pathologists was
required, only 27 of the original 122 lungs remained classifiable and
95 were mixed or could not be classified. There were no statistically
significant differences between the groups classified as PLE or CLE
in any clinical variables. The only nonsmokers in either group had
CLE, and the proportion of light smokers (less than 25 pack-years)
was very similar between groups. In this study and others (Anderson
and Foraker 1973), CLE was most severe in the upper lobes and PLE
was uniformly distributed. According to Thurlbeck (1976), a common
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combination is CLE in the upper lobes and PLE in the lower lobes;
where lobectomies are used for correlation, typing of emphysema is
therefore a particularly empty exercise. When emphysema is far
advanced, it is often impossible to recognize the site of the initial
involvement. Thus, it is not clear whether the differences in
prevalence of CLE and PLE are real or represent differences in
interpretation by different observers.

Several localized types of emphysema occur in areas around scar
tissue (paracicatricial), along interlobar and interlobular septa
(paraseptal), and as bullous lesions (which represent the most
advanced and extreme distortion of normal lung structure). Bullous
deformities occur with any type of emphysema, including CLE and
PLE. Occasionally, bullous lesions occupy huge intrapulmonary
volumes.

Detection of Emphysema

The detection of emphysema requires suitably prepared lung
specimens. At a minimum, this means the lung must be fixed in
inflation (Thurlbeck 1964). Fume fixation or fixation by instillation
of liquid fixative through the airways is satisfactory, but for optimal
evaluation of the latter group, barium impregnation or paper-
mounted whole-lung sections should be used. Because lungs with
emphysema frequently also have some degree of intrinsic airways
disease, the severity of emphysema and the clinical state of the
patient may not correlate directly. Pathologists can easily recognize
mild degrees of emphysema that are rarely associated with clinical
disability.

Quantification of Emphysema

There are a number of techniques for quantifying the volume of
lung involved with “obvious” emphysema that are adequately
reproducible and correlate well with one another (Thurlbeck 1976;
Bignon 1976). Semi-quantitative or subjective scoring methods as
well as point counting have been used. These approaches all require
lungs inflated to a relevant volume, usually one approximating total
lung capacity during life. This can be achieved by a distending
pressure of 25 cm H:20 (Thurlbeck 1979; Berend et al. 1980).

In the scoring method, the lung is divided into a number of units
and the severity of emphysema in each unit is scored (mild,
moderate, or severe receive 1, 2, or 3 points, respectively). The scores
for each unit are summed to give a total score for the lung (Ryder et
al. 1969). Alternatively, lung slices may be matched by visual
comparison to a set of graded standards to achieve an emphysema
score (Thurlbeck et al. 1970). These methods include both severity
and extent of emphysema, and although they involve subjective
judgments, they have proved to be remarkably reproducible.
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In the point counting approach, regularly spaced points are
superimposed on a lung slice. Each point is recorded as falling on
normal parenchyma, emphysematous parenchyma, or nonparenchy-
ma (conducting airways or vessels). The volume proportion of
emphysematous lung is recorded. This method can be objective (e.g.,
if an emphysematous space is taken to be one greater than 1 mm in
diameter), but it includes only extent and not severity of emphyse-
ma.

Morphometric methods carried out on histologic sections, exempli-
fied by the mean linear intercept (Lm) (Thurlbeck 1967a, b), are
strictly objective, but they require careful attention to problems of
sampling and are time consuming and insensitive to focal disease.
For measurements of the Lm, histologic sections are made of blocks
selected by stratified random sampling. The average distance
between alveolar walls is determined from the number of intersec-
tions of alveolar walls with a line of known length. The internal
surface area of the lung can be calculated when the volume of the
lung is known (Hasleton 1972).

Pulmonary Function in Emphysema

Because unequivocal proof of the presence of emphysema requires
direct examination of lung tissue, the strategies used to characterize
the pulmonary function abnormalities associated with emphysema
have either involved comparison of functional data collected during
life with autopsy or surgical material or have used measurements
made exclusively on post-mortem specimens. Two important conclu-
sions from these studies should be noted at the outset. First,
impaired air flow during maximal expiratory maneuvers, as reflect-
ed in reduced values for the FEV,, FEVi4, and FEF2 754, is neither
sensitive nor specific for emphysema. It is possible to have severe
emphysema without clinical obstructive lung disease (Thurlbeck
1977). It is also possible to have severe chronic obstructive lung
disease without having emphysema, even though most patients with
advanced chronic obstructive lung disease have some degree of
emphysema (Mitchell et al. 1976). Second, none of the tests used to
identify early obstructive lung disease, such as closing volume, the
single breath Nz curve, or frequency dependence of compliance,
distinguish diminished elastic recoil that may be related to emphyse-
ma (see below) from increased resistance in small airways (Buist and
Ducic 1979). Even the determination of density dependence of
maximum expiratory airflow, once felt to be specific for detecting
abnormalities in the caliber of small airways, is not immune to the
effects of lung elastic recoil. A decreased effect on maximal
expiratory air flow of using low density gas can be caused by
decreased elastic recoil (Gelb and Zamel 1981).
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Pulmonary function testing of individuals with proven emphyse-
ma often shows increases of residual volume, functional residual
capacity, and total lung capacity and decreases of maximal expirato-
ry air flow (Boushy et al. 1971; Park et al. 1970; reviewed in
Kidokoro et al. 1977). However, because individuals with emphysema
commonly also have intrinsic airway disease (Cosio et al. 1978)
affecting the results of these pulmonary function tests in the same
direction as emphysema, it is clear that these tests are not specific
for emphysema. Accordingly, there has been interest in other, more
distinctive tests. Among readily applicable tests, the diffusing
capacity has proved to be directly related to the extent of emphyse-
ma (Park et al. 1970; Boushy et al. 1971; Berend et al. 1979),
presumably reflecting a diminution of internal surface area avail-
able for gas exchange. The usefulness of the diffusing capacity to
identify and estimate emphysema is limited, however, because the
measurement is not sensitive to low grades of emphysema (Symonds
et al. 1974) or specific for emphysema. Moreover, the results must be
interpreted carefully in smokers because the values for diffusing
capacity are lower than in nonsmokers, and the difference extends
even to young smokers who are not likely to have emphysema (Enjeti
et al. 1978; Miller et al. 1983).

Mechanical Properties of the Lungs in Emphysema

Measurements of the pressure-volume characteristics of the lung
have generally been regarded as a reliable means of physiologically
detecting and quantifying emphysema because (a) patients with
emphysema often have increased lung distensibility and correspond-
ingly low transpulmonary pressures (loss of elastic recoil) and (b) the
severity of emphysema has seemed to correlate with the change in
elastic recoil. It has also been assumed that the regions of lung with
emphysema are the cause of the decreased lung elastic recoil, an
assumption that appears reasonable because elastic recoil results in
part from surface forces at the air-liquid interface and there is less
surface area in emphysema.

Recent observations challenge these concepts. Berend and Thurl-
beck (1982), using lungs obtained post mortem, could not demon-
strate a relationship between indices of lung elasticity and the grade
of emphysema in 48 lungs ranging in grade from 2 to 80 (on a scale of
100), and observed (Berend et al. 1981) in emphysematous lungs that
the relative increase in compliance of the lower lobes was greater
than the upper lobes, even though the emphysema was worse in the
upper lobes. Others have also reported poor correlations between
emphysema and elastic recoil. Silvers et al. (1980) found decreased
elastic recoil and increased total lung capacity in excised human
lungs with minimal emphysema, and Schuyler et al. (1978) noted in
hamsters given small doses of elastase intravenously that there was
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decreased lung elastic recoil at low lung volumes, although the lungs
did not show morphometric changes. Guenter et al. (1981) noted that
mild emphysema produced by pepsin caused greater changes in lung
elasticity than similar degrees of lung destruction produced by
endotoxin-induced repetitive leukocyte sequestration. They suggest-
ed that these differences may be due to differences in the location of
the connective tissue injury within the lung.

Even among those who have reported an association between
emphysema and elastic recoil, the correlations have been best when
the emphysema was severe (Greaves and Colebatch 1980). Pare et al.
(1982) found a correlation between emphysema grade and elastic
properties of the lungs in 55 persons; however, in 5 whose surgically
removed lung tissue received emphysema scores between 20 and 70
(out of a maximum of 100), the elastic properties of the lungs tested
preoperatively were indistinguishable from normal. While such
discrepancies probably reflect the limitations of relating the overall
elastic properties of both lungs to the morphology of a single lobe, it
must also be recognized that the sensitivity of the pressure-volume
diagram is limited, since a narrow range of pressure (to 20 cm H:z0)
depicts the average retractive force from millions of air spaces and
the connective tissue network of the lung.

From these recent findings it must be concluded that the
relationship between elastic recoil and morphologic measures of
emphysema is not highly predictable, and that the decrease of elastic
recoil and increase of total lung capacity commonly seen in
emphysematous lungs may not result entirely from abnormal
mechanical properties in the areas showing emphysema. The
mechanical abnormalities may also derive from areas that appear
normal, although the possible reasons for this are obscure (reviewed
by Thurlbeck 1983). An alternate explanation for this discordance
between elastic recoil and morphologic emphysema may be the
problems of sampling and grading intrinsic to these morphologic
measures.

The work of Michaels et al. (1979) introduces a further complexity
to the use of pressure-volume curves as an indicator of emphysema.
They found that inhalation of a bronchodilator shifted the curve of
smokers in the direction of increased compliance, but had no effect
in nonsmokers (Figure 26). Cessation of smoking had the same effect
as a bronchodilator. These results were interpreted as indicating
that smoking causes some peripheral airway units to constrict and
become effectively closed. Thus, pressure-volume studies to detect
early changes compatible with emphysema in smokers may give
false negative results unless accompanied by studies with bronchodi-
lators.
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FIGURE 26.—The effect of nebulized bronchodilator on the
pressure-volume characteristics of the lungs
in 19 smokers (6 men and 13 women) and 16

nonsmokers (9 men and 7 women)

NOTE: The mean age was approximately 40 years (range, 19 to 56) and smokers used approximately 30
cigarettes per day. Male smokers showed borderline significant differences in indices of expiratory airflow and
single breath N: test data as compared with the male nonsmokers, but there was no difference in these tests
between femal kers and kers. As shown, smokers had significantly less elastic recoil than nonsmokers.
After the bronchodilator, the difference between smokers and nonsmokers increased further, particularly at high
lung volume.

B.D. = broncodilator; % pred. TLC = percent predicted total lung ity; P(stat) = transpulmonary pressure.

* p<0.05; ** p<0.01L; *** p<0.005.

SOURCE: Michaels et al. (1979).

Aging and Lung Structure

With advancing age, structural and functional changes occur in
the lungs of virtually all adults, even those who have no known
exposure to specific inhalants through occupation or personal habits
(Fishman 1982; Campbell and Lefrak 1983). The elastic recoil of the
lungs declines with aging, and the residual volume to total lung
capacity ratio increases. These changes are seen even in people who
have never smoked, do not have signs or symptoms of cardiorespira-
tory disease, and have the normal (MM) phenotype of a,-antiprotein-
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ase (Knudson et al. 1977). Also with aging, the average distance
between alveolar walls increases (Thurlbeck 1967a; Hasleton 1972),
the proportion of lung volume that is composed of alveoli decreases,
and the proportion of alveolar ducts increases (Ryan et al. 1965).

Whether the differences in the lungs that oceur with aging are a
consequence only of the passage of time or are the result of subtle
environmental insults summed over many years is unanswerable.
They are “normal” or “abnormal” depending on whether one
regards “normal” as a statistical concept or as the optimal state for
the tissue. In either case, the aging lung has some features similar to
emphysema. Age changes alone will not, however, contribute to or
obscure the diagnosis of centrilobular emphysema, which involves
mainly respiratory bronchioles, recognized macroscopically as focal
lesions against a background of normal lung. The age changes may
overlap with early panlobular emphysema (Anderson et al. 1970).
However, since smokers usually die at an earlier age than nonsmok-
ers, aging cannot account for the differences observed between the
lungs of smokers and nonsmokers at autopsy.

Emphysema and Cigarette Smoking

Studies of people and of experimenﬁal animals conclusively link
cigarette smoking to the development and extent of emphysema.
This information is summarized in the following discussion.

Observations in People

Post-mortem material, used to approach the problem in the 1960s
and 1970s, clearly established an association between smoking and
emphysema. Post-mortem lung tissue has continued to be used to
study emphysema, but the main goal of recent studies has been to
identify those physiologic features that correlate with emphysema
rather than to quantify the relationship between smoking and
emphysema. Studies of emphysema using surgically removed lung
tissue, a more recent approach to studying emphysema, have aimed
mainly at elucidating the physiology of the emphysematous lung.
The results of these studies have involved smokers almost exclusive-
ly because of the rarity of emphysema in nonsmokers.

Studies Using Post-Mortem Material

A number of studies have examined the relationship between
cigarette smoking and emphysema (Anderson et al. 1964, 1966;
Thurlbeck 1963; Thurlbeck et al. 1974; Ryder et al. 1971; Auerbach
et al. 1972, 1974; Spain et al. 1973). These data emphasize that not
only is cigarette smoking closely associated with the development
and extent of emphysema, but also it is extremely rare for the forms

125



of emphysema found in patients with COLD to be present to a
significant degree in nonsmokers.

Thurlbeck (1963) reported 19 patients who had severe emphysema
at autopsy. All 19 were cigarette smokers, in contrast to 18 smokers
out of 38 patients who did not have significant emphysema at
autopsy. Anderson et al. (1964) conducted a more systematic
evaluation of the relationship between cigarette smoking and the
degree of emphysema at autopsy. They found that 12 of 23 patients
without emphysema were cigarette smokers, whereas 55 of 84 with
mild emphysema, 30 of 33 with moderate emphysema, and 14 of 15
with severe emphysema were cigarette smokers. Petty et al. (1967)
reported similar findings, with 6 of 57 patients with moderate
emphysema at autopsy being nonsmokers and only 1 of 61 patients
with severe emphysema being a nonsmoker. Ryder et al. (1971) found
that of 21 patients whose lungs showed more than 25 percent
emphysema, only 1 was a nonsmoker.

Thurlbeck et al. (1974) examined the relationship of age to extent
of emphysema in smokers compared with nonsmokers in the
combined autopsy populations of the teaching hospitals in three
separate cities. The severity of emphysema was quantified using a
panel grading method, with a score under 25 representing mild
emphysema. They found that the degree of emphysema increased
slightly in nonsmokers beginning in the fifth decade and reached an
average score of 10 to 15 in men and 4 to 6 in women by the eighth
and ninth decades. In contrast, male smokers had an average score
of 25 to 30 by the seventh decade and maintained this level for the
next two decades.

Sutinen et al. (1978) (Table 13) examined the relationship between
prevalence and extent of emphysema and duration of the smoking
habit. As would be expected from previous studies, moderate or
severe emphysematous changes were limited to smokers. However,
these changes were also limited to those smokers who had smoked
for 20 or more years, and severe emphysema was reported only in
those who had smoked for 40 years or more. These data, coupled with
that of Thurlbeck et al. (1974) describing only mild emphysematous
changes in nonsmokers with advancing age, suggest that emphyse-
ma is a late pathologic change in cigarette-induced lung disease. This
correlates well with the clinical experience of severe emphysema
being rare prior to the fifth decade. It also suggests that cessation,
even among middle-aged smokers, may have substantial impact on
emphysema morbidity and mortality.

Dose-Response Relationships

Some studies have reported the extent of emphysematous change
in smokers of different numbers of cigarettes per day. Spain et al.
(1973) examined the lungs of 134 subjects who died suddenly and

126



TABLE 13.—Correlation between the severity of emphysema
at autopsy and total smoking duration

Prevalence of emphysema (percent) by total smoking years

Grade of emphysema 0 1-19 20-39 40 or more Total
No emphysema 61.6 81.6 212 8.8 43.1
Mild

(grades 5 to 20) 384 15.4 69.7 50.0 458
Moderate

(grades 30 to 50) - - 9.1 26.5 7.8
Severe

{grade 60 or more) - - - 14.7 3.3
All grades 384 154 788 91.8 56.9
Total number 73 13 33 34 153

NOTE: P <0.0005; X? test, with groups of moderate and severe emphysema and of smoking times 1-19 and 20—
39 years combined.
SOURCE: Sutinen et al. (19781

who had no previous history of lung disease. They found emphysema-
tous changes greater than grade 20 (mild emphysema) in 10 percent
of nonsmokers, 36 percent of smokers of less than one pack per day,
and 39 percent of smokers of more than one pack.

A much larger study was conducted by Auerbach et al. (1972,
1974), who examined whole lung sections from 1,443 men and 388
women autopsied between 1963 and 1970. Table 14 describes the
relationship of age, smoking habits, and degree of emphysema
graded on a scale of 0 to 9, with 9 representing severe emphysema. It
is clear that severe emphysema is limited to smokers, and that the
severity of emphysematous change at autopsy increases with in-
creasing number of cigarettes smoked per day during life. This study
also found that almost all (94.5 percent) smokers of more than one
pack per day had some degree of emphysema (slight, moderate,
advanced, or far advanced) (Table 15). In contrast, 93.8 percent of
nonsmokers had either none or minimal emphysema. This evidence
would suggest that emphysematous change is a nearly universal
phenomenon in heavy smokers, but is rare in nonsmokers, and that
it is the large ventilatory reserve of the lungs that restricts clinically
manifest disease to those individuals with far advanced emphysema.
Similar results were reported in a more limited number of autopsies
done on female smokers (Auerbach et al. 1974) (Table 186).

A study of microscopic lung sections from the autopsies of 1,436
men and 388 women was also reported by Auerbach et al. (1974), and
closely paralleled the results of the whole lung study. However, they
also reported the results in smokers who had quit for more than or
less than 10 years prior to death (Table 17). The degree of
emphysematous change was still related to the amount smoked, but
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TABLE 14.—Degree of emphysema in current smokers® and
in nonsmokers, according to age groups

Subjects Current
Age Degree of who never pipe or Current cigarette
group emphysema smoked cigar smokerst
regutarly smokers
T bt e 14 124 2+ i
0-0.75 3R = 12 3 2 -
1175 2 11 k| 9 24 5
2-2.75 1 2 1 130 56
< 60 33.75 1 b} 12 50 3&
4475 4 g 7
5 6.75 4 5
7 9.00 3 1
Totals 5 31 23 45 21 112
Mean 0.10 0.83 1.29 2.37 2.56 2.86
SD 0.04 0.13 0.26 0.16 0.07 0.10
0-0.75 35 17 4 - -
1-1.75 1 % 1 - 4 1
2-2.75 2 3 4 5 37 23
60-69 3375 2 2 2 9 42 24
4475 1 3 11 9
56.75 1 8 1
7-9.00 1 5 4
Totals 40 30 12 19 107 62
Mean 0.39 0.95 1.90 3.59 339 337
SD 0.13 0.16 0.34 0.35 0.15 0.20
0-0.75 68 21 2 - -
1-1.75 4 28 10 8 2 2
2275 5 22 13 A} 40 g
70 or 3-3.75 4 8 5 10 38 IR
older 4475 2 1 7 11 7
5675 1 2 9 3
7-9.00 1 12 5
Totals R1 ®2 31 51 112 44
Mean 0.50 1.66 2.15 2.98 3.68 391
SD .39 0.11 0.17 0.20 0.17 0.27

* Subjects who smoked regularly up to time of terminal itlness
tPackages-day

SOURCE' Auerbach et al. (1972:.

was less in those who had quit for more than 10 years prior to death,
suggesting that the cessation of smoking results in a slowing of the
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TABLE 15.—Age-standardized percentage distribution of
male subjects in each of four smoking
categories, according to degree of emphysema

Subjects Current
Degree of who never pipe or Current
emphysema smoked cigar cigarette
regularly smokers smokers ()
{7y (M)
I I+ *
0-0.75 (none) LTI 6.5 13.1 0.3
1-1.75 (minimal) 3% 330 16.4 52
2-2.75 (slight) 33 13.0 337 426
3-3.75 (moderate) 24 6.3 25.1 321
4-9.00 (advanced to far advanced il 12 17 19.2
1060 0 1000 100.0 100.0

Totals

*Packages day.
SOURCE: Auerbach et al. (1972)

TABLE 16.—Means of the numerical values given lung
sections at autopsy of female current smokers,

standardized for age

Subjects who Current cigarette
never smoked smokers
regularly
<1 Pk. >1 Pk.

Number of subjects 252 3 64
Emphysema 0.05 1.37 1.70
Fibrosis 0.37 2.89 3.46
Thickening of arterioles 0.06 1.26 157
Thickening of arteries 0.01 0.40 0.64

NOTE: Numerica! values were determined by rating each lung section on scales of 04 for emphysema and
thickening of the arterioles, 0-7 for {ibrosis, and 0-3 for thickening of the arteries.
SOURCE: Auerbach et al. (1974).

rate of progression of emphysematous change in those who quit
compared with those who continue to smoke.

Studies of Alphai-Proteinase-Inhibitor-Deficient Individuals

The deficiency of a,-proteinase inhibitor is an experiment of
nature with broad implications for understanding the pathogenesis
of emphysema (Idell and Cohen 1983). Discovery of homozygous-
deficient subjects (type PiZZ) with only 10 percent of normal plasma
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TABLE 17.—Means of the numerical values given lung
sections at autopsy of male former cigarette
smokers, standardized for age

Never smoked
regularly Stopped > 10 years Stopped <10 years

Formerly smoked

<1 Pack >1 Pack <1 Pack  >1 Pack
Number of 175 35 66 51 131
subjects
Emphysema 0.09 0.24 0.70 1.08 1.69
Fibrosis 0.40 1.14 1.74 2.44 3.30
Thickening of 0.10 0.57 0.93 1.25 1.59
arterioles
Thickening of 0.02 0.04 0.16 0.36 0.61
arteries

NOTE: Numerical values for each finding were determined by rating each lung section on scales of 04 for
emphysema and thickening of the arterioles, 0-7 for fibrosis, and 0-3 for thickening of the arteries.
SOURCE: Auerbach et al. (1974).

proteinase inhibitory activity and the demonstration of the frequent
early development of emphysema in such subjects (Orell and
Mazodier 1972) called attention to the critical step of fibrous tissue
proteolysis in the remodeling of lung structure. It also pointed to at
least one potential explanation for the variability in extent of
emphysema among smokers.

Together with data from animal experiments, the discovery of the
PiZZ defect and its association with emphysema has led to general
acceptance of a theory of imbalance between the extracellular levels
of proteinase and proteinase inhibitor in the lung as the cause of
panacinar emphysema in subjects with this deficiency. The patho-
genetic lessons learned from a,-proteinase-inhibitor deficiency also
afford plausible explanations for other forms of emphysema, espe-
cially emphysema associated with cigarette smoking.

Homozygous Deficient—PiZZ

In his classic description of the severe (PiZZ) deficiency of the a,-
proteinase inhibitor, Eriksson (1965) did not indicate an effect of
cigarette smoking on the development of emphysema. Later studies,
however, did recognize smoking as a potential aggravating factor
(Kueppers and Black 1974; Larsson 1978) and reported that PiZZ
persons who smoked cigarettes were destined to experience
shortness of breath 10 to 15 years earlier (Figure 27) and to die
sooner than PiZZ persons who did not smoke (Figure 28).
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FIGURE 27.—Age at onset of dyspnea in 169 PiZZ
individuals separated according to sex and
smoking history

NOTE: The horizontal lines show the median values. The difference between nonsmokers and smokers was
highly significant for both sexes and was 13 and 15 years for men and women, respectively.
SOURCE: Larsson (1978}

More recent studies, however, have shown considerable variation
in the rate of decline of lung function among middle-aged PiZZ
adults (Buist et al. 1983). In a comparison of 22 persons with PiZZ
phenotype who had never smoked with 36 PiZZ smokers, Black and
Kueppers (1978) found variability in symptoms and lung function
abnormalities in both groups. Smokers generally sought medical
attention earlier, and those who reached the older age groups, such
as 60 to 69, had smoked less and started to smoke later in life. There
was overlap in these characteristics between the age groups,
however, and some smokers did live into the 50 to 69 age range. In
this analysis, the correlations between pulmonary function test
abnormalities and pack-years of cigarette smoking were small.

The British Thoracic Society, in a multicentered study of PiZZ
individuals (Tobin et al. 1983), reported an association between
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FIGURE 28.—The cumulative probability of survival, given
that 20 years of age is reached, in smoking
and nonsmoking Swedish PiZZ individuals,

compared with all Swedish men and women
NOTE: Survival was higher for PiZZ nonsmokers than for PiZZ smokers in both sexes above age 35.
SOURCE: Larsson (1978).

cigarette smoking and the onset of pulmonary symptoms and
deterioration of lung function, but demonstrated no significant
correlation between the quantity of tobacco consumed and the extent
of pulmonary dysfunction. A notable finding in this study, applicable
to other studies of the natural history of disease related to a;-
proteinase-inhibitor deficiency, was the impressive difference be-
tween individuals found because of medical complaints (index cases)
and those detected by surveys (nonindex cases). Nonindex cases had
better pulmonary function and survived longer than index cases,
irrespective of other variables such as age and smoking history. The
distinction between these two categories of subjects suggests the
importance of factors besides the PiZZ phenotype in the development
of symptomatic lung disease in PiZZ persons.

PiZZ individuals who smoke increase their risk for early onset of
symptomatic chronic obstructive lung disease and for a shortened
lifespan, compared with nonsmoking PiZZ individuals. However,
pulmonary function data have shown only limited differences in
diffusing capacity and elastic recoil between the smokers and the
nonsmokers (Black and Kueppers 1978).
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Heterozygous Deficient—PiMZ

The PiMZ phenotype of a,-antiproteinase inhibitor occurs in
approximately 3 percent of the population. Because of the high
frequency of emphysema in PiZZ persons, it is important to establish
whether PIMZ individuals also have an increased risk of emphysema
and chronic obstructive lung disease. From the unpredictability of
obstructive lung disease even among those with the PiZZ phenotype,
however, one might expect difficulty in discerning the effect of the
PiMZ phenotype.

Among adults with symptomatic chronic obstructive lung disease,
the PIMZ phenotype is more prevalent than expected (Mittman
1978). It is uncertain whether this means of subject identification is
appropriate, as was noted concerning index and nonindex PiZZ
individuals. Madison et al. (1981) emphasized the complexity of this
issue by noting that the PiMZ phenotype was only one of several
factors that appeared to be related to the risk of obstructive lung
disease. Other factors identified as relevant included smoking, a
family history of lung diseases, and being male.

From studies of children and young adults it is evident that the
PiMZ phenotype does not strongly predispose to chronic pulmonary
disease. Thus, PiIMZ children (Buist et al. 1980) failed to show any
early changes of lung dysfunction analogous to what has been
observed in some young PiZZ individuals; PiMZ adults below the age
of 40 had the same results by spirometry and the single breath N:
test as PIMM individuals matched for smoking history (Buist et al.
1979b).

Numerous studies involving older subjects indicate that PiMZ
individuals preserve their lung function, as measured by spirometry,
compared with controls matched for smoking (Tattersall et al. 1979,
de Hamel and Carrell 1981). The elastic properties of the lungs may
be different in PiMZ persons, but if there are differences, they are
small. Larsson et al. (1977) reported that 50-year-old PiMZ men who
smoked had reduced elastic recoil at total lung capacity compared
with PiMZ nonsmokers, even though they had no evidence of
impaired air flow. The PiMZ nonsmokers were indistinguishable
from PiMM nonsmokers. Tattersall et al. (1979) also found no effect
upon airflow in PiMZ middle-aged men, and a statistically nonsignif-
icant decrease in elastic recoil. Using an index of the slope of the
pressure-volume curve, Knudson and Kaltenborn (1981) found no
significant reduction in elastic recoil of PIMZ subjects compared
with matched PiM controls.

There is little direct information about the occurrence of emphyse-
ma among PiMZ individuals. In an autopsy study, Eriksson et al.
(1975) found emphysema among 13 of 26 subjects with diastase-
resistant PAS-positive inclusions in the liver, compared with an
incidence of emphysema of only 18 percent in the controls. Although
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these findings suggest an increased occurrence of emphysema with
the PiMZ phenotype, this study should be interpreted cautiously
because the smoking histories of the subjects and the quantification
of the emphysema were not included. Moreover, the significance of
the PAS-positive inclusions is not certain, because one recent study
found that such inclusions represented immunoreactive o,-protein-
ase inhibitor in only half of the tissue studied (Qizilbash and Young-
Pong 1983).

It may be concluded from the studies involving a,-proteinase-
inhibitor-deficient people that for those with the PiMZ phenotype,
smoking has not been shown to promote a greater risk of emphysema
than it does in PIMM persons. In the rare individual with PiZZ, the
risk of emphysema is extremely high in both smokers and nonsmok-
ers, but PiZZ smokers experience an earlier onset and more severe
chronic obstructive lung disease than PiZZ nonsmokers.

Observations in Experimental Animals

Experimental animals have been subjected to cigarette smoke to
examine whether changes typical of emphysema result. As noted
below, it appears that cigarette smoke exposure can produce
emphysematous-like changes in the lungs under experimental
conditions, but the exposure must be quite prolonged and intense, or
additional factors must be employed to “sensitize” the lungs to the
effects of cigarette smoke.

Pioneering studies in dogs exposed to cigarette smoke, by Hernan-
dez et al. (1966) and by Auerbach et al. (1967), indicated effects
consistent with emphysema, but these reports did not include
quantitative morphology or data about the mechanical properties of
the lungs. Moreoever, the exposures may have created problems of
hypoxemia and infection that may have influenced the responses to
cigarette smoke. Contrary to these findings, in later studies, beagles
that inhaled cigarettes by face mask in four sessions per day for up to
1 year—an inhalation sufficient to raise the blood carboxyhemoglo-
bin saturation to 5.4 + 0.9 percent—had no statistically significant
changes in mean linear intercept or internal surface area, although
their large airways showed epithelial cell hyperplasia, proliferation
of goblet cells, and peribronchial inflammation (Park et al. 1977).

Recently, Hoidal and Niewoehner (1983) presented data suggesting
that cigarette smoke may be an important cofactor in the develop-
ment of elastase-induced emphysema. They found that inhalation of
cigarette smoke led to severe emphysema in hamsters if used in
conjunction with doses of elastase that did not produce emphysema
when used alone. In this study, hamsters were exposed to cigarette
smoke for 15 minute periods, six times per day, 6 days per week for 7
weeks in standardized chambers. The animals were challenged with
small doses of elastase given intratracheally; controls consisted of
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animals given either elastase or smoke exposure or neither. Animals
receiving only smoke or only elastase showed no changes of mean
linear intercept or volume-pressure relationship of the excised
lungs, compared with animals given neither elastase nor smoke
exposure. The combinations of smoking followed by elastase or
smoking both before and after elastase produced statistically signifi-
cant increases of mean linear intercept, displacement upward and to
the left of the volume-pressure curves (Figure 29), and marked
emphysema by light microscopy of inflation-fixed lungs. The mecha-
nism of the synergism between elastase and smoking was not
elucidated. One possibility considered was that cigarette smoke
impaired the repair mechanism normally triggered by elastase
exposure, a possibility supported by Osman et al. (1982), who found
that hamsters exposed to cigarette smoke after intratracheal elas-
tase did not show the heightened lung elastin synthesis typically
seen after lung injury produced by elastase.

Summary

Clinically significant degrees of emphysematous lung destruction
are commonly present in individuals with COLD. Severe emphysema
occurs almost exclusively in cigarette smokers and those with
homozygous a,-antitrypsin deficiency. The extent of emphysematous
change increases with increasing numbers of cigarettes smoked per
day and with the duration of the smoking habit. While clinically
significant emphysema is limited to a minority of those who smoke,
most heavy smokers have some degree of emphysematous change by
the sixth decade of life.

Individuals with homozygous «,;-antitrypsin deficiency have an
exceptionally high risk of developing emphysema. This risk is
present for both smokers and nonsmokers, but smokers with a,-
antiprotease deficiency develop clinical symptoms earlier in life. It is
unclear whether individuals with heterozygous antiprotease pheno-
types are at increased risk of developing COLD.

Summary and Conclusions

1. Cigarette smoking is the major cause of COLD morbidity in the
United States; 80 to 90 percent of COLD in the United States is
attributable to cigarette smoking.

2. In population-based studies in the United States, cigarette
smoking behavior is often the only significant predictor for the
development of COLD. Other factors improve the predictive
equation only slightly, even in those populations where they
have been found to exert a statistically significant effect.

3.In spite of over 30 years of intensive investigation, only
cigarette smoking and o,-antiprotease deficiency (a rare genet-
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FIGURE 29.—The effects of combining cigarette smoking
and elastase upon the pressure-volume
characteristics of the lungs of experimental

animals

NOTE: The in vitro measurements of lung volume are shown as percentage of predicted total lung capacity
(TLC) relative to transpulmonary pressure of hamster lungs following in vivo exposure to various combinations of
cigarette smoke and intratracheally administered pancreatic elastase. Values are the mean = SEM of
measurements made during deflation. The animals that smoked and then received elastase (Pre-Elastase Smoke)
and those that smaked both before and after elastase iContinous Smoke, Elastase) had significant changes in the
elastic properties of the lungs. There were no changes from control if elastase or smoking were used separately or
when smoking occurred only after elastase

SOURCE: Hoidal and Niewoehner (1983).

ic defect) are established causes of clinically significant COLD
in the absence of other agents.

4. Within a few years after beginning to smoke, smokers experi-
ence a higher prevalence of abnormal function in the small
airways than nonsmokers. The prevalence of abnormal small
airways function increases with age and the duration of the
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10.

smoking habit, and is greater in heavy smokers than in light
smokers. These abnormalities in function reflect inflammatory
changes in the small airways and often reverse with the
cessation of smoking.

. Both male and female smokers develop abnormalities in the

small airways, but the data are not sufficient to define possible
sex-related differences in this response. It seems likely, how-
ever, that the contribution of sex differences is small when age
and smoking exposure are taken into account.

. There is, as yet, inadequate information to allow a firm

conclusion to be drawn about the predictive value of the tests of
small airways function in identifying the susceptible smoker
who will progress to clinical airflow obstruction.

. Smokers of both sexes have a higher prevalence of cough and

phlegm production than nonsmokers. This prevalence in-
creases with an increasing number of cigarettes smoked per
day and decreases with the cessation of smoking.

. Differences between smokers and nonsmokers in measures of

expiratory airflow are demonstrable by voung adulthood and
increase with number of cigarettes smoked per day.

. The rate of decline in measures of expiratory airflow with

increasing age is steeper for smokers than for nonsmokers; it is
also steeper for heavy smokers than for light smokers. After
the cessation of smoking, the rate of decline of lung function
with increasing age appears to slow to approximately that seen
in nonsmokers of the same age. Only a minority of smokers will
develop clinically significant COLD, and this group will have
demonstrated a more extensive decline in {ung function than
the average smoker. The data are not yet available to
determine whether a rapid decline in lung function early in life
defines the subgroup of smokers who are susceptible to
developing COLD.

Clinically significant degrees of emphysema occur almost
exclusively in cigarette smokers or individuals with genetic
homozygous a,-antiprotease deficiency. The severity of em-
physema among smokers increases with the number of ciga-
rettes smoked per day and the duration of the smoking habit.
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Appendix Tables
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maaasaas a.—rauv, 10r white adults, by smoking status, sex, and age, United States, 1971-1975

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean sSD SE N n Mean SD SE N n Mean SD SE
Never smokers
25-74 3140 21! 3669° 39! 2664 ' 19!
25-34 6733 394 3607 791 51 2633 130 4404 584 63 4099 264 3095 372 26
3544 5278 291 3171 607 49 1669 81 3742 591 73 3609 210 2907 397 40
45-54 4942 353 2840 594 35 1206 85 3487 626 72 3736 268 2631 401 29
55-64 3660 251 2511 589 31 880 59 3215 531 81 2781 192 2289 401 29
65-74 2875 235 2148 549 36 481 43 2856 627 96 2394 192 2006 402 36
Ex-smokers
25-74 3112 24 3623 37 2651 28
25-34 2811 160 3677 810 80 1359 66 4303 627 92 1452 94 3091 441 55
35-44 3086 171 3566 767 69 1828 94 4013 643 70 1258 77 2916 361 44
45-54 3323 213 3156 742 66 2345 143 14 683 69 978 70 2535 454 65
55-64 2669 181 2845 693 63 1826 130 3087 649 63 843 51 2319 456 90
65-74 1769 157 2388 686 66 1270 121 2533 699 78 499 36 2020 487 92
Smokers
25-74 2878 20 3281 32 2514 21
., 534 8885 487 3567 752 44 4792 239 4037 639 51 4093 248 3018 435 41
M4 5849 320 3166 655 47 3027 158 3507 639 (8 2822 162 2800 439 43
4554 5606 374 2761 623 37 2743 182 3126 579 49 2863 192 2411 437 40
55-64 3251 192 2416 631 50 1700 108 2738 632 63 15561 84 2064 400 50
65-74 933 - 2071 653 86 534 56 2222 556 79 400 28 1869 714 155
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TABLE A.—Continued

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Light smokers
25-74 2951 38 3311 57 2626 52
25-34 2162 113 3425 650 97 879 43 3914 508 102 1283 70 3089 508 88
3544 1267 72 3106 618 93 308 17 3775* 515 139 859 55 2891 479 83
45-54 1090 76 2683 490 73 383 24 3009 409 95 707 52 2507 437 76
5564 1043 57 2408 573 83 313 18 29192 660 150 730 39 2190 350 62
65-74 304 21 2150 31 185 131 11 22222 426 130 172 10 20952 901 305
Moderate smokers
25-74 2878 23 3335 40 2466 25
25-34 4269 235 3671 810 60 2534 123 4136 684 69 1735 112 2991 393 51
3544 2413 130 3217 646 68 1214 66 3593 624 99 1199 64 2836 395 47
45-54 2715 179 2679 634 53 1145 75 3106 622 79 1570 104 2368 429 51
55-64 1287 82 2406 589 68 690 45 2776 455 60 597 37 1977 408 70
65-74 464 4 2023 609 105 261 28 2279 572 126 203 16 16932 484 124
Heavy smokers
25-74 2785 32 3202 52 2409 38
25-34 417 136 3514 699 70 1363 72 3927 597 82 1054 64 2979 393 80
3544 2148 116 3143 684 71 15056 75 3382 646 89 643 41 2582 373 64
45-54 1779 118 2930 649 70 1193 82 3184 579 % 586 36 2411 440 92
55-64 922 53 2440 741 118 697 45 2619 737 133 224 8 18831 398 121
65-74 154 18 20381 606 151 130 16 20962 638 172 24 2 1733® 215 150

NOTE: N = weighted population estimate in thousands; n = number of people in sample; SD = standard deviation; SE = standard error.
! Adjusted by the direct method to reflect the age distrit

* Does not meet standards of reliability.
SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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TABLE B.—Flow at 25 percent of FVC for white adults, by smoking status,
States, 1971-1975

sex, and age, United

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Never smokers
25-T4 6263 47! 7261" 91" 5343 36’
25-34 6733 394 6639 1591 98 2633 130 7871 1513 157 4099 264 5847 1042 89
3544 5278 291 6377 1484 114 1669 81 7715 1545 176 3609 210 5758 952 80
45-54 4942 353 5742 1586 90 1206 85 7262 1796 213 3736 268 5252 1141 70
55-64 3660 251 5368 1397 101 880 59 6543 1593 265 2781 192 4996 1091 83
65-74 2875 235 4626 1576 102 481 43 6097 1951 298 2394 192 4331 1303 108
Ex-smokers
25-74 6093 62 7095 107 5188 67
25-34 2811 160 6835 1855 203 1359 66 8042 1715 285 1452 94 5705 1126 165
3544 3086 171 7020 2041 176 1828 94 7956 2059 232 1258 77 5659 965 116
45-54 3323 213 6270 1896 164 2345 143 6765 1919 185 978 70 5084 1176 151
55-64 2669 181 5783 1764 144 1826 130 6261 1820 160 843 51 4749 1058 197
65-74 1769 157 4918 1948 207 1270 121 5194 2091 265 499 36 4213 1278 197
Smokers
25-74 5647 47 6362 88 5002 52
25-34 8885 487 6760 1694 102 4792 239 7606 1663 126 4093 248 5769 1081 83
35-44 5849 320 6157 1740 123 3027 158 6848 1875 180 2822 162 5415 1200 102
45-54 5606 314 5471 1658 92 2743 182 6130 1783 137 2863 192 4840 1233 106
55-64 3251 192 5123 1815 132 1700 108 5567 2041 223 1551 84 4636 1372 169
65-74 933 84 3954 1586 181 534 56 4199 1745 238 400 28 3627 1274 255




a4\

TABLE B.—Continued

Both sexes Men Women
Cigarette smoking _
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Light smokers
25-74 5834 91 6569 142 5171 112
25-34 2162 113 6549 1652 209 879 43 1688 1690 293 1283 70 5769 1071 140
3544 1267 12 6045 1481 211 308 17 72507 1634 369 959 55 5658 1193 188
45-54 1090 76 5545 1476 217 383 24 6373 1572 311 707 52 5096 1203 193
55-64 1043 57 5222 1534 238 313 18 6096* 1616 399 730 39 4849 1333 249
65-74 304 21 3779 1272 345 131 11 37422 1279 482 172 10 T2 1266 489
Moderate smokers
25-74 5661 66 6430 118 4967 76
25-34 4269 235 6909 1719 136 2534 123 7647 1667 164 1735 112 5831 1120 132
3544 2413 130 6384 1786 194 1214 66 7348 1738 236 1199 64 5408 1212 170
45-54 2715 179 5269 1490 111 1145 75 5821 1661 183 1570 104 4867 1202 137
55-64 1287 82 5065 1787 202 690 45 5576 1897 334 597 37 4475 1439 265
65-74 464 44 3950 1717 304 261 28 4356 1892 404 203 16 3427* 1285 319
Heavy smokers
25-74 5485 85 6219 151 4822 111
25-34 2417 136 6691 1659 166 1363 72 7468 1640 225 1054 64 5685 1018  17¢
3544 2148 116 5964 1815 198 1505 75 6363 1902 261 41 5031 1084  18¢
45-54 1779 118 5712 1940 207 1193 82 6326 1920 251 586 36 4458 1257 26(
55-64 922 53 5090 2117 321 697 45 5322 2288 434 224 8 4370 1202 35¢
65-74 154 18 41552 1653 401 130 16 4180* 1758 463 24 2 40242 904  62¢

NOTE: N = Weighted population estimate, in thousands; n = number of people in sample; SD = standard deviation; SE = standard error.
! Adjusted by the direct method to reflect the age distribution of the U.S. population at the midpoint of the survey.

* Does not meet standards of reliability.
SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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TABLE C.—Flow at 50 percent of FVC for white adults, by smoking status, sex, and age, United

States, 1971-1975

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Never smokers
25-74 3743 38! 4083} 86! 3342! 34!
25-34 6733 394 4381 1194 69 2633 130 4998 1255 128 4099 264 3984 963 78
35-44 5278 291 3904 1164 84 1669 81 4315 1221 152 3609 210 3713 989 91
45-54 4942 353 3366 1212 84 1206 85 3972 1287 150 3736 268 3170 1119 90
55-64 3660 251 3090 1087 74 880 59 3736 1220 180 2781 192 2886 955 72
65-74 2875 235 2535 1045 73 481 43 3157 1060 174 2394 192 2410 996 84
Ex-smokers
25-74 3579 59 4188 67 3123 81
25-34 2811 160 4329 1292 120 1359 66 5029 1243 195 1452 94 3674 949 114
3544 3086 171 4249 1384 129 1828 94 4702 1410 180 1258 7 3590 1037 160
45-54 3323 213 3474 1404 114 2345 143 3749 1428 143 978 70 2816 1091 147
56-64 2669 181 3110 1411 118 1826 130 3204 1362 127 843 51 2711 1432 293
65-74 1769 157 2624 1296 121 1270 121 2578 1364 153 499 36 2384 1092 167
Smokers
25-74 3169 39 475 59 2892 54
25-34 8885 487 4126 1268 74 4792 239 4546 1296 103 4093 248 3634 1037 90
3544 5849 320 3552 1298 87 3027 158 3764 1399 140 2822 162 3325 1137 98
45-54 5606 374 2924 1208 76 2743 182 3257 1278 92 2863 192 2604 1040 94
55-64 3251 192 2587 1248 107 1700 108 2793 1364 148 1561 84 2361 1062 144
65-74 933 84 1922 1220 159 534 56 1889 1174 175 400 28 1965 1279 252




44!

TABLE C.—Continued

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Light smokers
25-74 3313 74 3676 110 2984 102
25-34 2162 113 3964 1230 169 879 43 4617 1248 222 1283 70 3516 994 162
3544 1267 72 3630 1076 151 308 17 4190? 943 226 959 55 3450 1054 168
45-54 1090 76 2911 864 107 383 24 3150 969 197 k(4 52 2781 771 103
55-64 1043 57 2756 1375 205 313 18 35421 1643 395 730 39 2420 1080 200
65-74 304 21 2056 1252 292 131 11 1706* 883 366 172 10 23211 1415 425
Moderate smokers
25-74 3207 57 3561 79 2888 7
25-34 4269 235 4246 1239 96 2534 123 4640 1297 126 1735 112 3671 872 47
3544 2413 130 3781 1182 124 1214 66 4039 1198 1M 1199 64 3520 1107 142
45-54 2715 179 2775 1205 m 1145 75 3079 1243 124 1570 104 2553 1125 140
55-64 1287 82 2665 1186 167 690 45 2873 1191 207 597 37 2425 1134 245
65-74 464 44 1881 1239 218 261 28 2131 1316 279 203 16 1558¢ 1047 266
Heavy smokers
25-74 3043 68 3283 92 2828 110
25-34 2417 136 4067 1333 153 1363 72 4326 1305 197 1054 64 3733 1295 247
3544 2148 116 3239 1469 166 1506 75 3456 1550 227 643 41 2731 1103 185
45-54 1779 118 3152 1355 147 1193 82 3458 1377 168 586 36 2526 1062 222
55-64 922 53 2286 1123 173 697 45 23719 1222 221 224 8 19972 651 232
66-74 154 18 1760* 1113 285 130 16 1559* 1059 274 24 2 2834? 703 490

NOTE: N = weighted population estimate, in thousands; n = number of pecple in sample; SD = standard deviation; SE = standard error.
! Adjusted by the direct method to reflect the age distribution of the U.S. population at the

* Does not meet standards of reliability.
SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).

of the survey.
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TABLE D.—Flow at 75 percent of FVC for white adults, by smoking status, sex, and age, United

States, 1971-1975

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Never smokers
25-74 1230°* 28! 1329¢ 42! 1073! 24!
25-34 6733 394 1776 714 52 2633 130 2085 649 72 4099 264 1690 691 62
3544 5278 291 1277 621 49 1669 81 1478 843 129 3609 210 1184 456 32
45-54 4942 353 1044 636 4 1206 85 1184 664 4 3736 268 999 620 53
55-64 3660 251 737 511 36 880 59 978 612 83 2781 192 661 449 H
65-74 2875 235 609 463 32 481 43 795 408 64 2394 192 572 465 38
Ex-smokers
25-74 1152 29 1403 41 992 37
25-34 2811 160 1695 678 61 1359 66 1925 664 109 1452 94 1480 616 72
3544 3086 171 1460 664 62 1828 94 1623 693 92 1258 7 1224 538 59
45-54 3323 213 1026 625 48 2345 143 1148 666 59 978 70 734 378 53
55-64 2669 181 734 541 54 1826 130 778 446 41 843 51 638 694 156
65-74 1769 157 588 506 43 1270 121 592 516 47 499 36 578 481 87
Smokers
25-74 967 22 1053 29 889 H
25-34 8885 487 1530 688 41 4792 239 1665 655 60 4093 248 1373 692 65
35-44 5849 320 1062 552 H 3027 158 1134 599 57 2822 162 985 486 35
45-54 5606 374 778 511 3 2743 182 866 530 41 2863 192 693 478 43
55-64 3261 192 631 536 42 1700 108 713 580 63 1551 84 541 468 56
65-74 933 84 452 689 100 534 56 350 445 77 400 28 588 901 199
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TABLE D.—Continued

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Light smokers
25-74 1049 4 1120 64 985 67
25-34 2162 113 1480 679 94 879 43 1647 606 113 1283 70 1366 703 127
3544 1267 72 1122 534 63 308 17 1294? 484 101 959 55 1067 537 73
45-54 1090 76 837 431 57 383 24 840 500 137 707 52 836 388 42
55-64 1043 57 706 540 85 313 18 9312 652 182 730 39 609 450 88
65-74 304 21 660 1040 264 131 11 3932 587 231 172 10 8641 1244 414
Moderate smokers
25-T4 970 28 1107 41 846 32
25-34 4269 235 1603 685 57 2534 123 1755 686 82 1735 112 1382 620 76
35-44 2413 130 1134 499 52 1214 66 1265 517 78 1199 64 1000 443 58
45-64 2715 179 7 480 49 1145 ki 801 416 47 1570 104 656 514 67
55-64 1287 82 643 598 72 690 45 784 637 119 597 37 481 503 69
65-74 464 44 3713 366 68 261 28 381 375 85 203 16 3632 353 103
Heavy smokers
25-74 882 47 956 38 815 82
25-34 2417 136 1447 689 95 1363 72 1503 593 101 1054 64 1374 79 172
3544 2148 116 940 595 63 1505 75 995 647 85 643 41 811 422 69
4554 1779 118 836 589 57 1193 82 941 624 73 586 36 620 438 79
55-64 922 53 529 410 57 697 45 545 416 62 224 8 479 388 160
65-T4 154 18 297* 453 112 130 16 25812 408 98 2 2 5052 603 420

NOTE: N = weighted population estimate, in thousands; n = number of people in sample; SD = standard deviation; SE = standard error.
' Adjusted by the direct method to reflect the age distribution of the U.S. population at the

? Does not meet standards of reliability.
SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).

int of the survey.
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TABLE E.—FEV,/FVC ratio for white adults, by smoking status, sex, and age, United States, 1971-1975

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean sD SE N n Mean SD SE N n Mean SD SE
Never smokers
25-74 79.1! 021! 779* 0.341 80.2} 023!
25-34 6733 394 825 6.08 0.34 2633 130 80.7 59 069 4039 264 83.6 593 0.44
3544 5278 291 80.3 5.67 0.37 1669 81 788 5.25 0.64 3609 210 80.9 5.73 0.45
45-54 4942 353 787 5.84 0.38 1206 85 715 5.95 0.77 3736 268 79.0 5.75 041
55-64 3660 251 716 5.03 0.35 880 59 758 513 0.81 2781 192 8.2 4.85 0.39
65-74 2875 235 76.5 641 0.52 481 43 735 7.59 114 2394 152 77.0 597 0.55
Ex-smokers
25-74 7.7 0.30 76.6 0.44 8.7 0.41
25-34 2811 160 81.7 592 0.53 1359 66 80.9 594 0.94 1452 94 824 581 0.78
3544 3086 1 79.5 6.26 0.56 1828 94 788 6.78 0.83 1258 77 80.4 5.26 0.69
45-54 3323 213 76.2 6.58 0.50 2345 143 75.9 7.10 0.66 978 70 71.0 504 0.69
55-64 2669 181 739 7.79 0.70 1826 130 727 8.07 0.79 843 51 76.0 6.60 1.36
65-74 1769 157 1.5 9.34 1.05 1270 121 70.0 9.83 120 499 36 75.3 6.58 1.05
Smokers
25-74 759 0.26 74.0 0.36 7.5 0.39
25-34 8885 487 80.3 6.78 0.38 4792 239 79.2 6.50 0.52 4093 248 817 6.85 0.61
3544 5849 320 76.7 7.28 0.46 3027 158 75.3 7.92 0.7 2822 162 78.2 6.16 0.47
45-54 5606 374 742 7.05 0.41 2743 182 73.0 1.55 059 2863 192 75.4 6.32 0.52
556-64 3251 192 73.1 8.73 0.59 1700 108 70.6 9.59 1.03 1551 84 76.0 6.61 0.75
65-74 933 84 69.8 9.40 1.44 534 56 67.0 8.94 1.54 400 28 73.6 8.67 2.09
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TABLE E.—Continued

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Light smokers
25-74 713 047 75.7 0.76 8.1 0.60
25-34 2162 113 809 743 0.84 879 43 80.3 7.10 1.11 1283 10 814 762 1.30
36-44 1267 72 84 6.18 0.79 308 17 77.1% 6.14 1.54 959 55 788 6.13 1.30
45-54 1090 K3 76.5 494 0.66 383 24 75.1 6.06 1.58 707 52 77.3 4.01 0.54
56-64 1043 57 769 7.06 097 313 18 74.8* 9.00 2.25 730 39 778 5.81 087
65-74 304 21 714 10.59 265 131 11 646° 10.84 4.17 172 10 76.5° 6.90 2.64
Moderate smokers
25~74 75.8 0.36 746 0.48 16.9 0.47
25-34 4269 235 80.4 6.36 0.53 2534 123 793 6.29 0.70 1735 112 819 6.16 0.73
3544 2413 130 779 6.18 0.65 1214 66 7.3 6.61 0.85 1199 64 786 5.64 0.77
45-54 2716 179 736 748 0.69 1145 75 713 787 096 1570 104 75.3 6.67 0.80
55-64 1287 82 732 7.46 (.81 690 45 72.1 8.00 1.38 §97 37 743 658 107
65-74 464 44 69.3 8.30 148 261 28 68.4 7.63 158 203 16 7042 8.98 242
Heavy smokers
25-74 751 0.58 72.8 0.57 1.2 1.06
25-34 2417 136 79.1 6.85 0.73 1363 72 780 6.33 0.89 1054 64 819 6.90 116
3544 2148 116 742 8.24 0.92 1505 75 733 868 121 643 41 762 6.64 1.15
45-54 1779 118 73.7 7.21 0.74 1193 82 740 7.34 0.86 586 36 732 691 1.30
55-64 922 63 68.9 10.08 142 697 45 67.1 10.09 1.81 224 8 746 763 240
65-74 154 18 68.0% 9.78 265 130 16 6592 8.75 242 24 2 79.4* 6.66 4.63

NOTE: N = weighted population estimate, in thousands; n = number of people in sample; SD = standard deviation; SE = standard error.
! Adjusted by the direct method to reflect the age distribution of the U.8. populati

* Does not meet standards of reliability.
SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1),

at the

int of the survey.
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TABLE F.—MMEF for white adults, by smoking status, sex, and age, United States, 1971-1975

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Never smokers
25-74 3020 29! 3392! 52! 2684 26
25-34 6733 394 3748 1023 64 2633 130 4357 1008 106 4199 264 3357 820 58
35-44 5278 291 3140 827 58 1669 81 3501 911 106 3609 210 2973 21 58
45-54 4942 353 2724 837 50 1206 85 3198 1021 119 3736 268 2572 703 48
55-64 3660 251 2301 730 43 880 59 2734 763 104 2781 192 2164 663 51
65-74 2875 235 1891 679 51 481 43 2314 827 130 2394 192 1806 611 56
Ex-smokers
25-74 2910 41 3324 66 2537 51
25-34 2811 160 3753 1066 102 1359 66 4321 1014 162 1452 54 3222 809 103
35-44 3086 171 3500 1165 106 1828 94 3882 1237 157 1258 77 2044 765 104
45-54 3323 213 2800 1111 91 2345 143 3021 1171 114 978 70 2270 714 102
55-64 2669 181 2318 948 75 1826 130 2463 953 87 843 51 2005 857 180
65-74 1769 157 1826 873 82 1270 121 1865 922 99 499 36 1728 723 115
Smokers
25-74 2553 31 2786 49 2343 41
25-34 8885 437 3512 1069 66 4792 239 3857 1101 93 4093 248 3108 872 i
3544 5849 320 2850 970 65 3027 158 3033 1073 107 2822 162 2654 800 63
45-54 5606 374 2283 896 54 2743 182 2511 1007 78 2863 192 2065 709 66
55-64 3251 192 19556 854 67 1700 108 2065 985 106 1551 84 1813 654 8
65-74 933 84 1474 831 118 534 56 1422 677 104 400 28 1545 995 220
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TABLE F.—Continued

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Light smokers
25-74 2736 57 2985 93 2510 1
25-34 2162 113 3457 1034 144 879 43 3923 1044 196 1283 70 3137 807 153
35-44 1267 72 2936 839 110 308 17 3400 760 184 959 55 2187 808 124
45-54 1090 76 2334 641 84 383 24 2521 806 173 707 52 2232 502 68
55-64 1043 57 2252 894 124 313 18 2694 1239 321 T30 39 2063 605 87
65-74 304 21 1667 1023 257 131 11 1339* 568 238 172 10 19172 1206 404
Moderate smokers
25-74 2542 4 2848 64 2266 40
25-34 4269 235 3605 1106 93 2534 123 3960 1132 123 1735 112 3087 828 98
3544 2413 130 2993 907 99 1214 66 3257 968 145 1199 64 2725 752 92
45-54 2115 179 2169 823 74 1145 75 2345 891 92 1570 104 2041 144 95
55-64 1287 82 1894 811 103 690 45 2144 848 162 597 87 1604 655 106
65-74 464 44 1395 738 126 261 28 1535 746 159 203 16 12142 687 157
Heavy smokers
25-74 2404 53 2620 72 2210 87
25-34 2417 136 3389 1018 120 1363 72 3614 1045 167 1054 64 3122 911 187
35-44 2148 116 2628 1063 119 1505 75 2777 1144 157 643 41 2280 735 123
45-54 1179 118 2421 1087 125 1193 82 2663 1145 150 536 36 1926 786 185
55-64 922 53 1706 764 166 697 45 1754 828 136 224 8 15572 439 169
65~74 154 18 1313? 591 151 130 16 1247* 601 160 24 2 16652 369 257

NOTE: N = weighted population estimate, in thousands; n = number of people in sample; SD = standard deviation; SE = standard error,

! Adjusted by the direct method to reflect the age distribution of the U.S. population at the midpoint of the survey.
* Does not meet standards of reliability.
SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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TABLE G.—MEFR for white adults, by smoking status, sex, and age, United States, 1971-1975

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Never smokers
25-74 6545 62! 7894 114" 5327 41'
25-34 5733 394 7103 1895 123 2633 130 8833 1551 167 4099 264 5991 1081 94
3544 5278 291 6744 1774 144 1669 81 8519 1710 223 3609 210 5923 1058 103
45-54 4942 353 5887 1825 110 1206 85 7805 2106 268 3736 268 5268 1185 86
656-64 3660 251 5280 1569 98 880 59 6722 1527 228 2781 192 4824 1264 98
65-74 2855 234 4317 1776 112 472 42 6526 1863 289 2394 192 3882 1394 118
Ex-smokers
25-74 6453 72 7809 120 5229 83
25-34 2811 160 7521 2246 232 1359 66 9184 1911 295 1452 94 5964 1153 167
3544 3086 171 7564 2241 212 1828 94 8789 2006 239 1258 77 5759 1017 131
45-54 3323 213 6773 2066 202 2345 143 7451 1901 213 978 70 5146 1398 191
55-64 2669 181 5944 2002 194 1826 130 6532 1997 220 843 51 4671 1297 245
65-74 1769 157 4986 2187 221 1270 121 5425 2267 280 499 36 3867 1463 220
Smokers
25-74 5914 52 7041 96 4897 55
25-H4 8885 487 7393 2019 122 4792 239 8629 1728 133 4093 248 5847 1216 101
3544 5849 320 6712 1974 152 3027 158 7180 1922 211 2822 162 5566 1256 94
45-54 5606 374 5762 1864 104 2743 182 5758 1819 137 2863 192 4807 1332 113
55-684 3251 192 5030 1952 147 1700 108 5834 2022 211 1551 84 4149 1421 1mn
65-74 933 84 3753 1862 216 534 56 4341 1961 260 400 28 2969 1373 263
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TABLE G.—Continued

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Light smokers
25-74 6068 104 7085 177 5150 114
25-34 2162 113 7006 1792 233 879 43 8347 1559 246 1283 70 6088 1294 193
35-44 1267 72 6450 1784 275 308 17 8275 1918 530 959 55 5864 1270 192
45-54 1090 76 5656 1632 232 383 24 6718 1445 269 707 52 5080 1425 249
55-64 1043 57 4979 1611 240 313 18 61427 1903 478 730 39 4482 1154 208
65-74 304 21 3585 1295 350 131 11 4054 1318 457 172 10 3228 1157 388
Moderate smokers
25-74 5921 76 7165 120 4798 89
25-34 4269 235 7616 2146 154 2534 123 8755 1864 176 1735 112 5952 1263 164
35-44 2413 130 6819 1992 230 1214 66 8112 1734 264 1199 64 5511 1241 150
45-54 2715 179 5513 1755 137 1145 75 6533 1799 181 1570 104 4769 1286 144
55-64 1287 82 5100 1996 243 690 45 6122 1687 261 597 37 3917 1640 299
65-74 464 44 3701 2084 373 261 28 4495 2122 466 203 16 2681* 1512 376
Heavy smokers
25-74 5755 98 6902 155 4720 115
25-34 2417 136 7356 1925 204 1363 72 8573 1544 192 1054 64 5781 1010 170
3544 2148 116 6751 2053 223 1505 75 7412 1995 643 4] 5205 1164 196
45-54 1779 118 6167 2034 214 1193 82 6945 1909 239 586 36 4581 1280 254
55-64 922 53 4989 2221 366 697 45 5410 2285 433 224 8 3679* 1327 395
65-74 154 18 4136* 2060 496 130 16 4249* 2187 571 24 2 3535 964 671

NOTE: N = weighted population estimate, in thousands; n = number of people in sample; SD = standard deviation; SE = standard error.
! Adjusted by the direct method to reflect the age distribution of the U.S. population at the midpoint of the survey.

* Does not meet standards of reliability.
SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).



TABLE H.—Forced vital capacity for white adults, by smoking status, sex, and age, United States,

1971-1975
Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean Sb SE
Never smokers
25-74 39781 29t 4708! 52! 3320 24'
25-34 6733 394 4403 1052 87 2633 130 5480 759 89 4099 264 3712 464 32
35-44 5278 291 3972 814 65 1669 81 4761 759 98 3609 210 3607 530 54
45-54 4942 353 3624 782 45 1206 85 4506 795 92 3736 268 3340 522 39
56-64 3660 251 3252 820 47 880 59 4265 758 123 2780 192 2932 526 38
65-74 2875 236 2815 719 48 481 43 3867 774 127 2394 192 2603 482 43
Ex-smokers
25-74 3996 30 4703 46 3357 32
25-34 2811 150 4522 1043 101 1359 66 5335 816 118 1452 94 3760 533 68
35-44 3086 171 4500 972 91 1828 94 5096 753 86 1258 71 3633 450 49
45-54 3323 213 4143 915 8 2345 143 4499 796 76 978 70 3291 543 79
55-64 2669 181 3862 898 94 1826 130 4239 786 95 843 51 3044 489 79
65-74 1769 157 3335 864 86 1270 121 3594 821 92 499 36 2675 568 9
Smokers
25-74 3790 26 4405 38 3236 35
25-34 8885 487 4464 977 55 4792 239 5111 784 59 4093 248 3707 539 50
3544 5849 320 4146 851 59 3027 158 4665 750 81 2822 162 3588 546 55
45-54 5606 374 3731 814 49 2743 182 4284 678 65 2863 192 3202 532 45
55-64 3251 192 3315 845 66 1700 108 3866 730 71 1551 #4 2712 467 59
65-74 933 84 2986 870 118 534 56 3325 747 117 400 28 2533 815 185

€G1
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TABLE H.—Continued

Both sexes Men Women
Cigarette smoking
status (by age) N n Mean SD SE N n Mean SD SE N n Mean SD SE
Light smokers
25-74 3824 54 4358 81 3342 64
25-34 2162 113 4260 857 116 879 43 4892 641 118 1283 70 3828 705 118
3544 1267 72 3986 875 135 308 17 4922* 768 235 959 55 3686 671 119
45-54 1090 76 3521 680 103 383 24 4022 555 155 707 52 3249 580 107
55-64 1043 57 3135 704 108 313 18 3866* 636 141 730 39 2822 457 87
85-74 304 21 3042 917 237 131 11 34707 555 159 172 10 21172 1001 347
Moderate smokers
25-74 3789 30 4454 50 3190 38
25-34 4269 235 4584 1020 4 2534 123 5217 793 80 1735 112 3660 47 55
3544 2413 130 4145 846 90 1214 66 4671 812 125 1199 64 3612 457 66
45-54 2715 179 3658 852 73 1145 75 4357 737 111 1570 104 3147 521 57
55-64 1287 82 3312 854 99 690 45 3881 696 89 597 37 2654 453 80
65-74 464 44 2928 820 149 261 28 3327 734 172 203 16 2414° 614 173
Heavy smokers
25-74 3710 43 4364 61 3120 54
25-34 2417 136 4440 968 91 1363 72 5055 818 102 1054 64 3644 404 69
35-44 2148 116 4244 832 82 1505 75 4609 679 94 643 41 3392 440 73
45-54 1779 118 3971 758 81 1193 82 4304 638 84 586 36 3292 480 95
55-64 922 53 3524 928 151 697 45 3851 798 142 224 8 25082 438 143
65-74 154 18 3036 938 240 130 16 31892 925 252 24 2 2223* 472 328

NOTE: N = weighted population estimate, in thousands; n = number of people in sample; SD = standard deviation; SE = standard error.

' Adjusted by the direct method to reflect the age distribution of the U.S. population at the midpoint of the survey.
? Does not meet standards of reliability.

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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TABLE I.—Recurring persistent cough attacks for adults, by sex, age, and smoking status, United

States, 1971-1975

Women
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
25-34
P 32 44 6.7 76 5.7 7.1 44 6.0 ‘84 5.7 7.1 15.2
SE 1.85 2.23 1.57 401 1.98 2.79 121 2.48 1.63 1.92 2.27 493
n 168 78 327 72 160 94 399 121 367 119 164 81
N 3319 1593 6608 1383 3335 1875 6416 1873 6304 2239 2642 1393
3544
P 49 8.0 138 9.0 59 221 54 50 89 23 8.0 258
SE 259 347 317 6.39 269 6.40 1.60 2.46 1.89 1.21 2.85 7.37
n 101 117 226 33 93 100 310 107 270 103 114 51
N 2114 2384 4412 614 1769 2029 5197 1771 4563 1776 1968 799
45-54
P 43 92 103 6.4 120 10.6 49 30 115 78 99 218
SE 1.61 2.28 2.07 2.73 3.65 3.53 1.55 197 2.16 2.61 2.99 4.04
n 114 204 296 61 122 112 435 101 329 109 163 57
N 1568 3290 4282 810 1705 1745 5989 1458 4800 1497 2413 890
55-64
P 1.1 146 20.5 24 14.4 259 6.8 99 157 6.4 14.8 50.1
SE 1.06 321 3.27 8.88 433 5.87 1.65 335 3.46 317 3.93 15.8
n 94 192 205 50 91 64 394 86 178 76 82 20
N 1320 2791 2990 708 1305 976 5599 1501 3014 1268 1369 378
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TABLE 1.—Continued

Men Women
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
65-74
P 75 175 23.7 36 344 254 8.7 54 231 17.2 248 599*
SE 3.16 3.4 4.55 231 6.90 10.1 152 2.85 493 6.06 8.02 22.37
n 98 232 135 39 60 35 461 51 83 46 32 5
N 864 2232 1199 318 574 295 5487 958 952 523 362 66
25-74
| 39 9.6 134 10.2 120 16.7 5.7 58 124 7.1 116 311
SE! 092 1.51 1.30 2.22 1.66 231 0.66 1.25 119 1.32 184 5.63

NOTE: P = proportion; SE = standard error; n = number of people in sample; N = weighted population estimate, in thousands.

! Adjusted by direct method to reflect the age distribution of the U.S. population at the midpoint of the survey.
* Does not meet standards of reliability.

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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TABLE J.—Three-week periods of increased cough or phlegm for adults, by sex, age, and smoking
status, United States, 1971-1975

Women
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
25-34
P 6.9 29 7.2 6.9 79 6.5 42 5.6 10.7 5.4 111 18.0
SE 2.39 167 183 404 263 233 107 239 191 206 297 518
n 168 78 Kyq) 72 160 94 399 121 367 119 164 81
N 3319 1593 6608 1383 3335 1875 6416 1873 6304 2239 2642 1393
35-44
P 60 33 52 1.2 39 16 38 19 8.1 5.1 109 83
SE 243 1.98 1.68 1.20 208 2.86 1.54 1.37 2.01 1.89 3.67 420
n 101 117 226 33 93 100 310 107 270 103 114 51
N 2114 2384 4412 614 1769 2229 5197 1771 4563 1776 1968 799
45-54
P 17 39 6.3 0.3 5.5 98 35 6.1 10.8 84 8.4 216
SE 1.24 1.82 1.72 0.32 210 366 1.00 2.39 2.14 293 2.72 6.49
n 114 204 296 61 122 112 435 101 329 109 163 57
N 1568 3290 4282 810 1706 1745 5989 1458 4800 1497 2413 890
55-64
P 12 29 114 6.8 10.2 16.2 6.6 13.7 147 70 13.1 46.2
SE 091 1.33 261 4.00 4.07 5.39 1.63 4.88 3.57 3.44 3.96 16.61
n 94 192 205 50 91 64 394 86 178 76 82 20
N 1320 2791 2990 708 1305 976 5599 1501 3014 1268 1369 378
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TABLE J.—Continued

Men

Smoking status

Women

Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
65-74
P 75 4.5 120 33 14.2 17.5 5.1 91 115 26 26.4 0.0*
SE 3.10 1.38 4.11 2.55 6.01 10.31 1.256 347 424 2.55 9.80 00
n 98 232 135 39 60 35 461 81 83 46 32 5
N 864 2232 1199 318 574 295 5487 958 952 523 362 66
25-74
p! 4.6 34 79 38 7.6 10.5 45 6.9 11.0 5.9 129 19.5
SE! 1.04 0.93 1.02 1.43 131 2.04 063 1.34 1.26 118 1.84 3.86

NOTE: P = proportion; SE = standard error; n = number of people in sample; N = weighted population estimate, in thousands.

! Adjusted by direct method to reflect the age distribution of the U.S. population at the midpoint of the survey.
* Does not meet standards of reliability.

SQURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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TABLE K.—Shortness of breath for adults, by sex, age, and smoking status, United States, 1971-1975

Women
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
25-34
P 5.6 15.2 23.3 10.0 23.1 336 144 17.9 31.0 309 20.1 515
SE 1.99 4.97 3.20 381 4.01 7.21 192 494 3.17 5.656 3.56 7.48
n 168 78 327 72 160 94 399 121 367 119 164 81
N 3319 1593 6608 1383 3335 1875 6416 1873 6304 2239 2642 1393
3544
P 17.1 199 229 15.6 15.9 312 225 26.5 39.0 36.4 45.3 30.3
SE 4.62 4.89 326 7.08 471 5.46 242 532 462 5.48 707 7.08
n 101 117 226 33 93 100 310 107 270 103 114 51
N 2114 2384 4412 614 1769 2029 5197 1771 4563 1776 1968 799
45-54
P 19.3 272 355 254 349 413 28.1 32.5 425 30.3 48.1 479
SE 4.07 3.58 299 6.35 464 5.40 285 6.05 393 5.01 495 7.57
n 114 204 296 61 122 112 435 101 329 109 163 57
N 1568 3290 4282 810 1706 1745 5989 1458 4800 1497 2413 890
55-64
P 25.6 313 422 3717 424 452 38.0 56.8 330 29.8 431 546
SE 5.79 3.94 4.37 9.57 6.14 6.39 294 6.24 4.60 6.85 6.06 16.51
n 94 192 205 50 91 64 394 86 178 76 82 20
N 1320 2791 2990 708 1305 9761 5599 1501 3014 1268 1369 318
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TABLE K.—Continued

Men Women
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
65-74
P 270 45.8 41.7 26.7 424 54.4 416 32.3 43.2 48.6 40.0 17.4?
SE 5.46 406 4.59 7.87 6.86 912 2.92 5.63 6.70 9.64 10.85 16.12
n 98 232 136 39 60 35 461 81 83 46 32 5
N 864 2232 1199 318 574 295 5487 958 952 523 362 66
25-74
P! 171 25.2 314 215 299 39.2 210 318 38.2 H1 382 424
SE! 1.89 2.38 1.75 2.84 231 274 127 2.82 2.08 2.59 2.88 5.07

NOTE: P = proportion; SE =

dard error;n =

1

of peopie in sample; N = weighted population estimate, in thousands.
' Adjusted by direct method to reflect the age distribution of the U.S. population at the midpeint of the survey.
* Doss not meet standards of reliability.

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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TABLE L.—Wheezy chest sounds of adults, by sex, age, and smoking status, United States, 1971-1975

Men Women
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
25-34
P 2.7 13.0 15.0 115 12.6 220 76 11.6 175 129 148 295
SE 117 4,67 242 443 2.72 6.14 1.46 354 233 313 294 6.13
n 168 78 327 72 160 94 399 121 367 119 164 81
N 3319 1593 6608 1383 3335 1876 6416 1873 6304 2239 2642 1393
3544
P 14.0 5.1 18.4 13.6 12.3 25.2 79 7.7 16.4 99 219 179
SE 472 212 3.28 6.14 403 561 1.83 298 2.56 377 453 489
n 101 117 226 33 93 100 310 107 270 103 114 51
N 2114 2384 4412 614 1769 2029 5197 1771 4563 1776 1968 799
45-54
P 43 12.3 188 10.2 23.2 187 8.5 53 227 129 4.1 357
SE 1.97 2.60 2.60 3.99 4.05 4.13 1.39 1.82 298 359 437 6.24
n 114 204 296 61 122 112 435 101 329 109 163 57
N 1568 3290 4282 810 1706 1745 5989 1458 4800 1497 2413 890
5564
P 12.0 136 259 299 26.6 22.1 12.7 22.0 21.3 19.5 310 40.0
SE 4.24 2.50 4.46 922 587 6.10 2.09 593 3.64 498 5.21 14.00
n 94 192 205 50 91 64 394 86 178 76 82 20
N 1320 2791 2990 708 1305 976 5599 1501 3014 1268 1369 378




TABLE L.—Continued

Men Women
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
65-74
P 50 20.7 33.1 34.7 316 35.6 15.1 215 28.6 M6 18.1 39.0?
SE 2.04 3.00 5.25 10.10 747 9.91 2.16 4.78 5.60 8.99 6.69 21.96
n 98 232 135 39 60 35 461 81 83 46 32 5
N 864 2232 1199 318 574 295 5487 958 952 523 362 66
25-74
p! 74 121 20.6 176 196 23.5 9.8 126 21.7 16.4 217 316
SE! 1.33 1.83 1.42 2.68 1.98 2.69 0.82 1.68 1.49 2.01 1.88 4.80

NOTE: P = proportion; SE = standard error; n = number of people in sample; N = weighted population estimate, in thousands.
' Adjusted by direct method to reflect the age distribution of the U.S.
* Does not meet standards of reliability. population at the midpoint of the survey.

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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TABLE M.—Diminished or absent breath sounds of adults, by sex, age, and smoking status, United

States, 1971-1975

Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy

25-34

P 1.8 0.0 0.3 04 0.0 0.7 0.1 0.0 06 0.3 0.0 22
SE 1.76 0.0 0.21 0.36 0.0 0.71 0.07 0.0 0.51 0.31 0.0 221

n 168 78 327 72 160 94 399 121 367 119 164 81

N 3319 1593 6608 1383 3335 1875 6416 1873 6304 2239 2642 1393
3544

P 06 0.5 06 0.0 0.7 0.6 0.3 0.2 2.3 0.4 34 35
SE 0.61 0.47 0.55 0.0 0.73 057 0.26 0.22 1.58 0.44 3.33 3.39

n 101 117 226 33 93 100 310 107 270 103 114 51

N 2114 2384 4412 614 1769 2029 5197 1771 4563 1776 1968 79
45-54

P 0.7 1.0 59 0.4 9.8 4.7 08 24 14 1.0 1.6 15
SE 0.55 0.53 171 0.41 3.33 2.64 0.64 1.87 0.56 0.36 0.82 1.24

n 114 204 296 61 122 112 435 101 329 109 163 57
N 1568 3290 4282 810 1706 1745 5989 1458 4800 1497 2413 890
55-64

P 25 5.7 124 84 130 14.4 0.8 4.1 3.36 2.7 39 35
SE 212 166 315 475 457 499 0.53 2.51 144 182 2.40 355

n 94 192 205 50 91 64 394 86 178 76 82 20
N 1320 2791 2990 708 1305 976 5599 1501 3014 1268 1369 378




TABLE M.—Continued

Men
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
65-74
P 88 9.7 179 139 252 88 24 45 27 33 2.3 0.0
SE 353 2.57 3.6 8.10 5.86 45 0.81 2.63 1.58 2.4 2.27 0.0
n 98 232 135 39 60 35 461 81 83 46 32 5
N 864 2232 1199 318 574 295 5487 958 952 523 362 66
25-74
p! 2.2 244 5.8 33 1.5 5.0 0.7 1.9 19 1.32 21 2.3
SE' 0.72 0.46 0.95 1.33 147 1.06 0.20 0.71 0.46 049 0.88 1.16

NOTE: P = proportion; SE = standard error; n = number of people in sample; N = weighted population estimate, in thousands.
' Adjusted by direct method to reflect the age distribution of the U.S. population at the midpoint of the survey.
* Does not meet standards of reliability.

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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TABLE N.—Wheeze of adults, by sex, age, and smoking status, United States, 1971-1975

Men Women
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy

25-34

P 0.0 12 1.7 1.1 16 22 0.4 0.0 07 0.0 13 0.0

SE 0.0 1.24 0.77 1.06 1.25 1.28 0.29 0.0 0.37 0.0 0.79 0.0

n 168 78 327 72 160 94 399 121 367 119 164 81

N 3319 1593 6608 1383 3335 1875 6416 1873 6304 2239 2642 1393
35-44

P 0.0 1.0 13 0.0 09 21 0.3 0.0 32 0.0 36 96

SE 0.0 0.75 0.67 0.0 0.89 1.22 0.26 0.0 128 00 1.50 497

n 101 117 226 33 93 100 310 107 270 103 114 51

N 2114 2384 4412 614 1769 2029 5197 1771 4563 1776 1968 799
45-54

P 0.0 12 25 0.0 45 18 0.3 0.0 24 08 33 25

SE 0.0 1.02 0.93 0.0 2.13 1.27 0.33 0.0 094 0.78 1.40 1.76

n 114 204 296 61 122 112 435 101 329 109 163 57

N 1568 3290 4282 810 1706 1745 5989 1458 4800 1497 2413 890
55-64

P 0.0 04 5.6 2.3 33 109 01 0.0 1.7 08 14 58

SE 0.0 0.37 176 195 1.69 448 0.05 0.0 095 0.77 1.18 578

n 94 192 205 50 91 64 394 86 178 7% 82 20

N 1320 2791 2990 708 1305 976 5599 1501 3014 1268 1369 378
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TABLE N.—Continued

Men Women
Smoking status Smoking status
Never Former Current Light Moderate Heavy Never Former Current Light Moderate Heavy
65-74
P 25 10.0 0.0 11.4 184 1.0 19 36 2.7 1.6 209
SE 0.0 111 375 0.0 5.27 1098 0.56 1.85 2.14 2.66 1.64 18.53
n 98 232 135 39 60 35 461 81 83 46 32 5
N 864 2232 1199 318 574 295 5487 958 952 523 362 66
25-74
p! 0.0 1.2 34 0.7 35 55 04 0.2 2.1 0.7 23 6.3
SE! 0.0 0.46 0.71 0.46 092 1.65 0.14 0.25 045 0.41 0.48 2.79

NOTE: P = proportion; SE = standard error; n = number of people in sample; N = weighted population estimate, in thousands.

' Adjusted by direct method to reflect the age distribution of the U.S. population at the midpoint of the survey.
? Does not meet standards of reliability.

SOURCE: National Center for Health Statistics. Unpublished data from the first National Health Nutrition and Examination Survey (NHANES 1).
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Introduction

The chronic obstructive lung diseases (COLD) that are causally
related to cigarette smoking are chronic bronchitis, emphysema, and
chronic obstructive pulmonary disease and allied conditions without
mention of asthma, bronchitis, or emphysema. The last classification
was introduced by the National Center for Health Statistics in
response to the changes that occurred in the late 1960s in patterns of
reporting causes of death on death certificates. During this period,
physicians increasingly recorded deaths as due to “chronic obstruc-
tive lung disease” rather than the more specific categories of
“emphysema’ or “chronic bronchitis” (NCHS 1982). Because of this
shift in patterns of reporting, and in recognition of the difficulty of
clinically separating these categories from one another as a cause of
death, the discussion in this chapter combines all of these categories
for analysis, where possible, which should result in a more complete
description of death rates from COLD.

COLD Mortality Patterns in the United States

The three chronic obstructive lung diseases related to smoking
may account for almost 62,000 deaths in 1983, compared with 56,920
deaths in 1982, according to provisional mortality data recently
published by the National Center for Health Statistics. This data is
based on a 10 percent sample of all death certificates for the 12-
month period ending in November (NCHS 1984). This is a dramatic
increase from 1970, when slightly over 33,000 deaths were attributed
to COLD.

Complete mortality data are available through 1980, and Table 1
presents the numbers of male and female deaths from COLD for
1970, 1975, and 1980. In addition to the relatively rapid rise in COLD
deaths during these years, there was also a shift in the male to
female ratio of these deaths. In 1970 male deaths outnumbered
female deaths by a ratio of 4.3 to 1. By 1980 this ratio had declined to
2.36.

The age-adjusted death rates for COLD during the years 1960
through 1980 are presented in Figure 1 for white men, white women,
and men and women of other races. As described in the previous
chapter, however, COLD is a slowly progressive disease, and death
from COLD usually occurs only after extensive damage has devel-
oped in the diseased lungs. Many individuals with COLD will die
with their disease rather than because of it, and even those who do
die of COLD are usually symptomatic for an extended period of time
prior to death.

Therefore, death rate data may not accurately reflect the true
prevalence or incidence of COLD in the U.S. population. In addition,
COLD is often not recorded as a cause of death in hospital records
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TABLE 1.—Number of and ratio of male to female chronic
obstructive lung disease (COLD) deaths for
three time periods, United States

1970 1975 1980
Cause of death Men Women Men Women Men  Women
Chronic bronchitis 4,282 1,564 3,260 1,452 2,380 1,348
Emphysema 18,901 3,820 14,849 3,946 10,133 3,744
COLD and
allied conditions 3,601 848 13,411 4,182 24,820 10,734
Total COLD deaths 26,784 6,227 31,520 9,580 37,333 15,826
M:F ratio 4.30 3.29 2.36

SOURCE: National Center for Health Statistics (1982, and unpublished mortality data).
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FIGURE 1.—Age-adjusted COLD mortality rates for whites
and nonwhites in the United States, 1960-1980

SOURCE: National Center for Health Statistics (1982, and unpublished data).

(Moriyama et al. 1966) or on death certificates (Mitchell et al. 1968),
even though it may have played an important role in a person’s
death. In a recent prospective study, nearly half of the excess
mortality associated with significantly lowered FEV,; was attributed
to other causes (Peto et al. 1983). Relatively advanced lung disease
(as judged by pathologic examination) may also exist without clinical
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recognition because of the lung’s large ventilatory reserve (Mitchell
et al. 1968; Hepper et al. 1969). A joint committee of the American

College of Chest Physicians and the American Thoracic Society
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(ACCP-ATS 1975) has developed standardized definitions of these
conditions that may improve the accuracy of mortality reporting in
the future.

As discussed in the chapter on morbidity in this Report, COLD in
an individual is usually a combination of mucus hypersecretion,
airway narrowing, and emphysema. The extent of damage represent-
ed by each of these three processes can vary substantially from
individual to individual, both in the absolute magnitude of the
damage and in the proportional contribution of each of these three
components. The majority of those with smoking-induced lung
damage do not have enough damage to result in clinically significant
disease, and only some of those with clinically significant disease
have damage to the lung that results in death from COLD. The
progressive loss of FEV,; in smokers described in the preceding
chapter is one measure of the extent and progression of lung
damage, and individuals with a markedly reduced FEV, are far more
likely to die of COLD (Peto et al. 1983). These deaths commonly occur
secondary to the failure of these severely damaged lungs to carry out
the gas exchange required for survival.

Because death from COLD is the end result of lung damage
accumulated over many years, these deaths would be expected to
occur disproportionately in the older age groups; therefore, the
presentation of a single age-adjusted death rate might not reflect a
true picture of the changes in this disease with time. Figure 2
presents the age-specific death rates in 1977 for COLD in the
different sexes and racial groups. Death rates increase rapidly over
the age of 45, and this increase is particularly dramatic over the age
of 65. In addition, the bulk of the difference between white men and
men of other races, evident in Figure 2, occurs in those over age 65.
Indeed, the COLD death rates for nonwhite men are actually higher
than that for white men under age 55.

The examination of age-specific death rates over time also presents
a somewhat different picture from that presented by the age-
adjusted numbers in Figure 1. The age-adjusted rates for white men
in Figure 1 seem to have changed only slightly between 1968 and
1980. However, when the age-specific rates for the years 1968 and
1977 are examined (Figure 3), this apparent stability can be seen to
be a product of counterbalancing trends in those under and over 65
years of age. The death rates from COLD declined in white men
under age 65 between 1968 and 1977, but COLD death rates
increased in white men over age 65 during the same years; this
increase was particularly dramatic in those over age 75.
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FIGURE 2.—Age-specific COLD mortality rates for whites
and nonwhites in the United States, 1977

SOURCE: National Center for Health Statistics (1982).

Figure 4 presents the age-specific COLD mortality rates for white
women in 1960, 1968, and 1977. As with the male rates, the female
COLD death rates rise rapidly with age, but they are substantially
lower than the male rates. In contrast with the male rates, however,
the white female death rates increased steadily with time from 1960
through 1977 both above and below age 65. In each of the age groups
over the age of 45, where significant numbers of COLD deaths would
be expected, there was a steady increase in rates from 1960 to 1968
and from 1968 to 1977. As is discussed later in this chapter, these
differences between men and women over time are consistent with
their differences in smoking behavior.

The effect of the normal aging process on the lung is small, rarely
limits maximal exercise, and never results in ventilatory failure.
Therefore, death from chronic obstructive lung disease is never a
natural part of the aging process; it is the result of an infectious or
other disease process or of the cumulative damage of environmental
respiratory toxins. The most important of these toxins in the United
States is cigarette smoke.
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FIGURE 3.—Age-specific COLD mortality rates for white
men in the United States, 1960, 1968, and 1977

SOURCE: National Center for Health Statistics (1982).

In spite of the large ventilatory reserve possessed by the lung,
death from COLD is a major cause of U.S. mortality. This mortality
is closely linked to cigarette smoking and has been examined
extensively. Figure 5 shows the differences in COLD death rates for
smokers and nonsmokers at different ages. From the rarity of COLD
death in nonsmokers and the magnitude of the increased risk
associated with smoking, it is clear that the overwhelming impor-
tance of cigarette smoking as a determinant of abnormal lung
function demonstrated in the previous chapter is matched by the
importance of cigarette smoking as a determinant of death from
COLD. Examination of the death rates from COLD in smokers and
nonsmokers suggests that from 85 to 90 percent of the COLD deaths
in the United States can be attributed to cigarette smoking.

Prospective Studies

The relationship between smoking and death from COLD has been
evaluated in a large number of prospective mortality studies. There
are eight major prospective studies of the disease consequences of
smoking. They involve large numbers of smokers and nonsmokers
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SOURCE: National Center for Health Statistics {1982}

and have examined the death rates from COLD in both groups.
These studies cumulatively represent more than 17 million person-
years of observation and over 330,000 deaths. The size of the
populations studied allows a detailed examination of the relationship
between smoking and death rates. The characteristics of the
populations studied are summarized in Table 2 and are briefly
reviewed here.

The British Doctors Study

The British doctors study (Doll and Hill 1954, 1956, 1964a, 1964b,
1966; Doll and Peto 1976, 1977; Doll and Pike 1972; Doll et al. 1980)
of 40,000 male and female physicians in Britain was the first
prospective study and is the longest running. Deaths from chronic
bronchitis and emphysema were combined. Deaths from cor pulmo-
nale (i.e., heart failure secondary to lung disease) were separately
analyzed by smoking category and probably include some deaths
from chronic bronchitis and emphysema.
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SOURCE: Adapted from Rogot and Murray (1980)

The American Cancer Society 25-State Study

The American Cancer Society 25-State study (Hammond 1965,
1966; Hammond and Garfinkel 1969; Hammond et al. 1976; Lee and
Garfinkel 1981) represents the largest investigation. Deaths from
emphysema were separately analyzed by smoking habit; deaths from
cor pulmonale were also separately recorded.

The U.S. Veterans Study

The mortality experience of approximately 294,000 U.S. veterans
who held U.S. Government life insurance policies in December 1953
was examined in the U.S. veterans study (Dorn 1959; Kahn 1966;
Rogot 1974a, b; Rogot and Murray 1980). Deaths from COLD were
recorded as “bronchitis and/or emphysema”; ““bronchitis, underlying
or contributory”; and “emphysema without bronchitis.”

The Canadian Veterans Study

Initiated in 1955 by the Canadian Department of National Health
and Welfare, the Canadian veterans study (Best 1966; Best et al.
1961) included 78,000 men and 14,000 women. Over the next 6 years
of followup, there were 9,491 male and 1,794 female deaths. The
cause of death in most of these cases was confirmed by autopsy.
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TABLE 2 .—QOutline of eight major prospective

studies
Doll Weir Cederlof
. Dorn Best X
Authors Hil Hammond Kahn Hirayama Jome Hammand punn Friberg
Peto . Walker Horn Linden Hrubec
Pike Breslow Lorich
Males and Total population . . Probability
California
. British females Us of Cansdian White males in sample of
Subjects doctors n veterans B health " vanous the
25 distnets in pensioners nine States cccupations Swedish
States Japan pe population
Population size 40,000 1,000,000 290,000 265,000 92,000 187,000 68,000 56,000
Females 6,000 562,671 <1% 142,857 14,000 27,700
Age range 20-85+ 35-84 35-84 N ndwup 30-%0 50-69 33-64 18-68
Year of 1964
enroliment 1951 1960 1957 1966 1966 1962 1954 1963
Years of 58
followup 20-22 12 years 16 years 13 years 6 years 4 years 10 years
reported years years
Number
of 11,166 150,000 107,500 39,100 11,000 12,000 4,700 4,500
deaths
Person years
of 800,000 8,000,000 3,500,000 3,000,000 500,000 670,000 480,000
experience




The American Cancer Society 9-State Study

In the American Cancer Society 9-State study (Hammond and
Horn 1958a, b), 187,783 white men were followed for an average of 44
months by 22,000 American Cancer Society volunteers. All deaths
from pulmonary disease (except pulmonary neoplasms) were consid-
ered as one group and included deaths from pneumonia, asthma,
tuberculosis, lung abscess, pneumoconiosis, bronchiectasis, and em-
physema.

California Men in Various Occupations

The study of California men in various occupations (Dunn et al
1960; Weir and Dunn 1970) examined the mortality experience of
68,153 men, aged 35 to 64, drawn from labor union rolls in specified
occupations. Deaths from emphysema were separately categorized.

The Swedish Study

The study of a probability sample of 55,000 Swedish men and
women (Cederlof et al. 1975), aged 18 to 69, represents a detailed
analysis of mortality by smoking status over a period of 10 years.
The cause of death was ascertained by death certificates collected by
the Central Bureau of Statistics for all of Sweden.

The Japanese Study of 29 Health Districts

In the fall of 1965, a total of 265,118 men and women in 29 health
districts in Japan were enrolled in a prospective study (Hirayama
1967, 1970, 1972, 1975a, 1975b, 1977, 1981). Mortality data regarding
deaths from asthma and emphysema have recently been reported.

Cigarette Smoking and Overall COLD Mortality

The data from the major prospective studies relating smoking to
mortality from COLD in men and women are presented in Table 3.
These data demonstrate a uniform increase in death rates from
COLD among male and female smokers when compared with
nonsmokers of either sex. The mortality ratios for smokers compared
with nonsmokers vary markedly, however, from 2.2 in the Japanese
study to 24.7 in the study of British doctors. Some of this variability
can be attributed to different patterns of certification of cause of
death in different countries, but a number of other factors are also
important. Perhaps the most important other factor is the age range
of the population studied. As described earlier in this chapter, death
rates from COLD rise steeply with age, particularly over the age of
65. Studies of populations under age 65 may significantly underesti-
mate the impact of cigarette smoking on COLD because of the long
duration of smoking required to damage enough lung to result in
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death from COLD. The population under 65 contains large numbers
of individuals who have significant airflow obstruction and who will
die of COLD, but who have not done so prior to age 65. This effect is
demonstrated in the American Cancer Society 25-State study, in
which the COLD mortality ratio for male smokers aged 45 to 64 was
6.55, but increased to 11.41 in male smokers aged 65 to 79.

A second reason for differences in mortality ratios is the selection
of study populations who are currently employed, particularly if the
duration of followup is relatively short. The incremental nature of
the lung injury in COLD often results in a prolonged period of
disability prior to resulting in death. This disability is usually
incompatible with full-time work, particularly in those occupations
requiring substantial exertion. Therefore, the study of a working
population excludes those with significant existing disability from
COLD and underestimates the COLD death rates in the general
population. Unless the followup period is long enough to observe the
progression of COLD from its asymptomatic stages through the
development of disability and finally death, the impact of cigarette
smoking on COLD death rates will be underestimated. This effect is
particularly important because cigarette smoking is overwhelmingly
the major determinant of COLD risk, and therefore an underestima-
tion of the true COLD prevalence leads to an underestimation of the
relative risk of smoking. As the followup period is extended for a
duration sufficient to allow the full time course of COLD to be
observed, the impact of cigarette smoking on COLD death rates also -
emerges from the small background rate of COLD death certification
in nonsmokers (which includes those classified in error and those
with disease induced by agents that results in a more rapid
progression to death).

This “healthy worker” effect is present to varying extents in all of -
the prospective studies and is one of the reasons the studies with the
longest followup periods also tend to have the largest COLD
mortality ratios. This is particularly evident in the study with the
longest followup. The British doctors study, with a followup of 20
years, revealed a mortality ratio for male smokers of 24.7.

A final reason for the differences in mortality ratios is the
differences in the smoking habits of the various populations. As was
discussed in the previous chapter, the extent of lung injury is
influenced by both the number of cigarettes smoked per day and the
duration of the smoking habit. As is shown in Table 4, some of the
variability in mortality ratios among the studies disappears when
the mortality ratios are reported by number of cigarettes smoked per
day. However, there are also substantial differences in the pattern of
cigarette use in different countries, particularly in the use of the
milder types of tobacco cigarettes that are more likely to be inhaled
and are smoked in the United States. For example, these cigarettes
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TABLE 3.—COLD mortality ratios by disease category, eight prospective studies

Size of
Study population Nonsmoker Emphysema Bronchitis Both Other Comments
British physicians
Men 34,000 1.00 247 Ratio for women by
Women 6.195 1.00 amount smoked
only,
see Table 4
California men in
various occupations 68,000 1.00 12.33
Canadian veterans
Men 78.000 1.00 585 11.42
American Cancer Society
25-State 4564 65-79" 'Age range
Men 440,500 1.00 6.55 11.41
Women 562,700 1.00 489 7.50
U.S. veterans
Men 290.000 1.00 14.82 5.11 12.07
American Cancer Society
9-State
Men 188,000 1.00 2.85 All pulmonary

diseases other than
cancer (pneumonia,
influenza, TB,
asthma, bronchitis,
lung abscess, etc.)




2

TABLE 3.—Continued

Size of
Study population Nonsmoker Emphysema Bronchitis Both Other Comments
Swedish * Number of deaths
Men 27,000 1.00 * too small for
Women 28,000 1.00 2.20 statistical analysis;
includes deaths due
to asthma
Japanese
Men 122,000 1.00 Data by amount
smoked
Women 143,000 1.00

only; see Table 4




were not introduced into Japan in large numbers until after the
Second World War. The chronicity of tobacco use, particularly of
those forms of tobacco that are commonly inhaled, is probably more
important than age per se in producing COLD death. The chronicity
of tobacco use differs in different countries and between men and
women in the same country; these differences would be expected to
result in different COLD mortality ratios.

In several of these prospective mortality studies, the mortality
ratio for COLD deaths in smokers compared with nonsmokers was
even larger than that found for lung cancer. This is consistent with
the data in the previous chapter showing that cigarette smoking is
the major predictor of decline in lung function and is also consistent
with the clinical observation that clinically significant airflow
obstruction is rare in the absence of a history of smoking.

Retrospective Studies

The relationship between smoking and mortality from COLD was
also examined in several large retrospective studies. Wicken (1966)
conducted a study of 1,189 men living in Ireland who died from
chronic bronchitis. Smoking habits were determined through person-
al interviews with relatives of the decedents. The relative risk for
mortality from COLD was increased in smokers as compared with
nonsmokers. Smokers of as few as 1 to 10 cigarettes per day had a
2.95-fold higher risk for mortality from COLD as compared with
nonsmokers.

Dean and associates conducted two retrospective studies of the
relationship between changes in smoking patterns and changes in
mortality from bronchitis among a sample of the population in
urban areas and in rural areas of northeast England. The periods of
observation in the two studies were 1952 to 1962 (Wicken and Buck
1964; Wicken 1966) and 1963 to 1972 (Dean et al. 1977, 1978),
respectively. Smoking status classifications in the two studies were
similar, and were based upon questions relevant to the last 2 years
before death or interview. In both studies, the relative risk for
mortality from chronic bronchitis was substantially increased for
smokers as compared with nonsmokers.

In summary, data from both the prospective and the retrospective
studies consistently demonstrate an increase in mortality from
COLD for smokers as compared with nonsmokers. These studies
include populations of widely different ages, social and ethnic
groups, geographic locations, and occupations; nevertheless, they
strongly support a causal relationship between smoking and COLD.
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TABLE 4.—COLD mortality rates for men and women, by
number of cigarettes smoked per day,

prospective studies

Men Women
Cigarettes Mortality Cigarettes Mortality COLD disease
Study per day ratios per day ratios classification
British Nonsmoker 1.00 Nonsmoker 1.00 Chronic bronchiti
physicians 1-14 17.00 1-14 10.50 emphysema; or
15-24 26.00 15-24 28.50 both
25+ 38.00 25+ 32.00
US. veterans Nonsmoker 1.00 Chronic bronchiti
1-9 3.63
10-20 4.51
21-39 4.57
40+ 8.31
Nonsmoker 1.00 Emphysema
1-9 5.33
10-19 14.04
21-39 17.04
40+ 25.34
Nonsmoker 1.00 Chronic bronchitis
1-9 484 and emphysema
10-19 11.23
21-39 1745
40+ 21.98
Canadian Nonsmoker 1.00 Chronic bronchitis
veterans 1-9 7.02
10-20 13.65
21+ 14.63
Nonsmoker 1.00 Emphysema
1-9 4.81
10-20 6.12
21+ 6.93
Japanese Nonsmoker 1.00 Nonsmoker 1.00 Emphysema
< 100,000 0.51 < 100,000 2.28
< 200,000 2.57 < 200,000 3.14
> 300,000 1.93 > 300,000 10.93
California men  Nonsmoker? 1.00 Emphysema
in various About ', pk 818
occupations About 1 pk 11.80
About 1Y, pk 20.86
American Cancer Nonsmoker 1.00 All pulmonary
Society 1-9 167 diseases other
9-State 10-20 3.00 than cancer?®
20+ 3.64

' Data for the Japanese study are for lifetime exposure by > total number of cigarettes consumed.
* Nonsmoker in the California occupations study also includes > smokers of pipes and cigars.
*Pneumonia, influenza, TB, asthma, bronchitis, lung abecess, etc.
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Male and Female Differences in COLD Mortality

Mortality data presented by the National Center for Health
Statistics indicate that in 1980 the number of deaths from COLD was
2.36 times higher among men than among women (9th ICDA nos.
490, 491, 492, and 494-496). In the prospective studies reviewed
above, it is also apparent that the relative risk for death from COLD
was greater for male smokers than for female smokers, although
both male and female smokers exhibited a greater risk than
nonsmokers for death from COLD. These differences are most likely
a consequence of differences in male and female smoking patterns.
The women in these studies tended to smoke fewer cigarettes, inhale
less deeply, and begin smoking later in life than the men. They more
frequently smoked filtered and low tar and nicotine cigarettes and
had less occupational exposure to pulmonary irritants than men.
These differences in mortality from COLD are narrowing because of
a more rapid rise in female mortality from COLD (see Table 1).

Figures 6 and 7 help to explain the male-female differences in
COLD mortality ratios in the prospective mortality studies and in
U.S. COLD death rates. The figures are descriptions of the preva-
lence of cigarette smoking in successive 10-year birth cohorts of men
and women as those cohorts progressed through the years 1900-1980
(Harris 1983). Examination of these figures revealed several impor-
tant findings. Relatively few women took up smoking prior to 1930.
The heaviest smoking cohorts of men have a prevalence of over 70
percent compared with 45 percent of women, and the male cohorts
with these peak prevalences are older than the female cohorts.
However, as discussed earlier, the incremental and progressive
nature of cigarette-induced lung injury results in both prevalence
and duration of cigarette smoking having an impact on COLD death
rates. Therefore, in examining Figures 6 and 7 it is important to
consider the span of years of a given prevalence of smoking
maintained by a given birth cohort as well as the peak prevalence
achieved by that cohort. The COLD death rates should then be
proportional to the area under the prevalence curve described by
each cohort, rather than to the peak of that curve.

A careful examination of Figure 6 reveals that the area under the
prevalence curve for the cohort born between 1921 and 1930 is less
than the area under the curve for the cohort born between 1911 and
1920, in spite of their similar peak prevalences. This difference is due
to the more rapid decline in prevalence with age in the 1921 to 1930
cohort. Similarly, the cohort born between 1901 and 1910 partially
compensates for a peak prevalence that is lower than the 1911 to
1920 cohort by having a somewhat a broader base. Each of the
cohorts born prior to 1900 have substantially smaller areas under
their curves than those born during the first three decades of this
century. These differences in prevalence are reflected in the changes
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FIGURE 6.—Prevalence of cigarette smoking among
successive birth cohorts of men, 1900-1980,
derived from smoking histories in the National
Health Interview Survey (HIS)

SOURCE: Harris 1983.

in age-specific death rates portrayed in Figure 8 and Table 5. The
oldest age group (75-84) continues to show a rapid rise in COLD
death rates as those birth cohorts with increasing prevalence and
duration of smoking move into this age range. In the age range 65-74
the rates rose rapidly from 1960 through the mid 1970s, but seem to
be leveling off, consistent with the fact that this age group is now
made up entirely of men born after 1900. In the age range 55-64 the
rates suggest a slight downturn beginning in the mid 1970s,
coincident with the entry of the 1921 to 1930 birth cohort into this
age group. The numbers for the age range 45-54 are too small to
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FIGURE 7.—Prevalence of cigarette smoking among
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derived from smoking histories in the National

Health Interview Survey (HIS)
SOURCE: Harris 1983. -

permit firm conclusions, but also suggest that a downturn in rates
occurred in this group in the late 1960s.

A close examination of Figures 6 and 7 also offers an explanation
of the differences in mortality ratios for men and women observed in
the prospective studies. COLD is a slow, progressive disease, and
death from COLD usually results only after extensive lung damage
has occurred. The fact that death from COLD is unusual prior to age
45 reflects, in part, the 30 or more years required for cigarette smoke
to damage enough lung to result in death. The substantial ventilato-
ry reserve of the lung allows a significant amount of damage to exist
in a person without symptomatic limitation or risk of death from
COLD. The prospective mortality studies were conducted in the
1950s and 1960s, a point in time approximately 30 years after the
beginning of the rise in smoking prevalence among women demon-
strated in Figure 7. Even the older cohorts, where significant
mortality might be expected, had begun smoking largely after 1930,
and therefore had a shorter duration of smoke exposure than the
men born in the same years. This shorter duration of the smoking
habit, together with the previously described tendency of women to
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FIGURE 8.—Age-specific COLD mortality rates for white
men in the United States, 1960-1977

NOTE: ICDA Nos. 490492 and 519.3.
SOURCE: National Center for Health Statistics (1982).

smoke fewer cigarettes per day and to inhale less deeply, would be
expected to result in less cumulative lung damage at any given age.
This difference in extent of lung damage could explain the difference
in COLD mortality ratios between men and women observed in the
prospective mortality studies.

The British doctors study examined the risk of COLD death for
male and female physicians who smoked similar numbers of
cigarettes per day (Table 4), and the mortality ratios were similar for
similar numbers of cigarettes smoked per day.

In summary, data from the prospective studies indicate that the
relative risk of death from COLD is greater for male smokers than
for female smokers. These differences are most likely a consequence
of differences in female smoking patterns. Women tend to smoke
fewer cigarettes, inhale less deeply, and begin to smoke later in life"
than men. These differences in mortality from COLD are narrowing-
because of a more rapid rise in female mortality from COLD than in
male COLD mortality. This reflects the narrowing in differences
between male and female smoking patterns and the rising preva-
lence of female smokers in successive cohorts born between 1920 and
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TABLE 5.—Age-specific COLD death rates per 100,000

population
Age
Year 45-54 55-65 65-74 75-84
1960 8.5 36.1 829 1018
1961 76 38.7 87.9 1118
1962 9.6 4.2 107.2 136.7
1963 11.7 52.3 131.2 169.6
1964 121 51.8 1316 1819
1965 124 57.8 153.6 216.6
1966 124 61.9 161.9 2448
1967 124 61.2 164.8 2486
1968 131 7.4 186.7 286.5
1969 139 7.5 1895 2943
1970 136 68.1 196.5 3115
1971 135 67.4 1956 3274
1972 13.0 67.7 204.8 351.4
1973 12.7 69.9 2101 378.4
1974 128 64.8 204.8 380.4
1975 11.9 64.7 207.6 399.7
1976 122 64.0 210.7 4197
1977 114 60.1 206.1 4315

SOURCE: National Center for Health Statistics (1982).

1950. These data are ominous for women, portending a rising
mortality from COLD over the next decades.

Amount Smoked and Mortality From COLD

Six of the major prospective studies evaluated the influence of
different smoking levels on mortality from COLD. These studies
employed a variety of measures of tobacco exposure, including
number of cigarettes smoked per day, grams of tobacco smoked, and
total number of cigarettes smoked in a lifetime. The data, presented
in Table 4, show a gradient in risk for mortality from COLD as the
number of cigarettes smoked per day increases and as the cumula-
tive number of lifetime cigarettes smoked increases. In the U.S.
veterans study, smokers of two packs or more per day had 22 times
the risk of COLD death of nonsmokers. Furthermore, mortality
ratios between the two followup periods for bronchitis and emphyse-
ma actually increased overall and by the amount smoked (Figure 9).
The authors noted that this was the only major disease of those
associated with cigarette smoking that showed such an increase,
suggesting that mortality ratios have been increasing over time at
all levels of smoking. In the British and Japanese studies, women
smokers at the highest levels exhibited a 32- and an 11-fold higher
risk for death from COLD (respectively} than their nonsmoking
counterparts. The variability in COLD mortality ratios noted in
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FIGURE 9.—Bronchitis and emphysema for male smokers

number of cigarettes smoked per day, U.S.
veterans study, 8'/,-year and 16-year followup

Table 3 is much less evident when the mortality ratios are presented.
by amount smoked.

In summary, the degree of tobacco exposure strongly affects the
risk for death from COLD in men and in women. This clearcut dose-
response relationship enhances the strength of the causal relation-
ship between smoking and COLD.

Inhalational Practice and Mortality From COLD

The inhalation of tobacco smoke is the major mechanism whereby
bronchial and alveolar tissues are exposed to the potentially
damaging effects of tobacco smoke. In the British doctors study,
subjects who acknowledged inhaling exhibited a 1.53-fold higher risk
for COLD death as compared with those who stated they did not-
inhale (see Table 6). However, all smokers, regardless of their
inhalational practice, exhibited higher risk for COLD mortality than
did nonsmokers.

In the retrospective study from northeast England (Dean et al-
1977, 1978), the risk among men for mortality from chronic
bronchitis steadily declined with a decrease in the depth of inhala-
tion (Table 7). Among women, the risk for mortality from chronic
bronchitis was lower for all other groups than for those who stated
they “inhaled a lot.”
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TABLE 6.—COLD mortality by inhalation practice, British
doctors study, men

Annualized death rate per Risk in inhalers
Number of 100,000 men responding compared with unity
Cause of death deaths to question: do you inhale? in noninhalers
Chronic bronchitis Yes No
and emphysema and 71 39 53 1.53

pulmonary heart disease

Table 7.—Relative risk for mortality by depth of
inhalation, 1963-1972, second retrospective
mortality study in northeast England

Relative rigk for
chronic bronchitis

Depth of inhalation Men Women
A lot (base) 1.00 1.00
A fair amount 0.98 0.54
A little 0.62 0.41
None 0.58 0.58

SOURCE: Dean et al. (1977, 1978).

Results from prospective mortality studies comparing COLD death
rates by inhalation are identical to those observed in the morbidity
studies, which have consistently shown that COLD is more prevalent
among inhalers than noninhalers (Ferris et al. 1972; Comstock et al.
1970; Rimington 1974).

These data suggest that inhalational practice affects the risk of
mortality from COLD. People who inhale deeply experience a higher
risk for mortality from COLD than people who do not inhale.
Regardless of their inhalational practice, however, smokers still
experience higher rates of death from COLD than nonsmokers.

Age of Initiation and COLD Mortality

Another indicator of exposure to tobacco smoke that may influ-
ence risk for mortality from COLD is the age of initiation of smoking.
If their smoking habits are otherwise similar, people who take up
smoking at a younger age have a greater total exposure to tobacco
smoke than those who take up smoking later in life, and might be
expected to experience greater adverse consequences from smoking.
In the Japanese prospective study (Hirayama 1981), men who began
to smoke before the age of 19 exhibited slightly higher mortality
ratios for emphysema than did men who began to smoke after the
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TABLE 8.—Number of deaths from chronic bronchitis,
emphysema, and pulmonary heart disease in ex-
cigarette smokers, by years of cessation, versus
number of deaths in lifelong nonsmokers,
British doctors study

Number of deaths in ex-smokers, divided by Number of deaths
number expected in lifelong smokers in nonsmokers
Years of
cessation 0 <5 5-9 10-14 >14
35.6 342 47.7 7.3 8.1 2

* Current smokers

age of 20. In the retrospective study from northeast England (Dean
et al. 1977, 1978), the relative risk for death from chronic bronchitis
among men who began to smoke after the age of 25 was 60 percent of
that of men who began to smoke between the ages of 15 and 19.
Among women in the same study who began to smoke between the
ages of 15 and 19, the relative risk for death from chronic bronchitis
was 1.28-fold higher than for women who began to smoke after age -
25; however, the number of deaths was small.

Smoking Cessation and COLD Mortality

The effects of smoking cessation on mortality from COLD were
examined in the British doctors study and the U.S. veterans study.
In the British doctors study, men who quit smoking experienced no
change in mortality from COLD in the first 4 years and a rise in the
next 5 years; presumably, this is related to the presence of many _
people in this group who quit smoking for health reasons (Table 8).
Thereafter, ex-smokers experienced lower death rates from COLD,
although their rates were still higher than those of the nonsmokers.
Female ex-smokers also experienced lower mortality rates than
current smokers, but the rates in ex-smokers were still higher than
those in nonsmokers.

In the U.S. veterans study, ex-smokers who had quit for reasons
other than ill health experienced lower mortality rates for COLD
than did current smokers. However, the benefit of cessation upon
risk for mortality was heavily dependent upon the prior level of
smoking and the length of time of cessation. These data are
presented in Table 9. Ex-smokers who had smoked less than 10
cigarettes per day had a 1.64-fold higher risk for mortality from
COLD than nonsmokers; in contrast, ex-smokers who smoked more
than 39 cigarettes per day had a 9.91-fold higher rate of death from
COLD than nonsmokers. For any given number of cigarettes smoked
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TABLE 9.—Mortality ratios for bronchitis and emphysema
in nonsmokers and in ex-smokers and current
smokers by number of cigarettes smoked daily
and number of years of cessation, U.S. veterans

study
Cigarettes/day
Smoking status 0 <10 10-20 21-39 >39
Nonsmoker 1.00 — — —_ —
Ex-smoker — 1.64 5.35 7.68 9.91
Current smoker — 484 11.23 17.45 21.98
Years of cessation
Current

Nonsmoker smoker <5 5-9 10-14 15-20 >20

1.00 12.07 11.66 14.35 10.19 5.66 2.64

per day, however, ex-smokers had a lower risk than current smokers.
As in the British study, mortality ratios initially increased over the
first 9 years of cessation. After the first 9 years, mortality ratios for
ex-smokers fell, but never reached the level of the nonsmoker.

Two studies have evaluated mortality rates from COLD among
physicians, a group among whom many quit smoking to protect their
health. Fletcher and Horn (1970) assessed the mortality rates from
bronchitis among physicians in England and Wales. Among doctors
aged 35 to 64, there was a 24 percent reduction in bronchitis
mortality between 1953-1957 and 1961-1965, as compared with a
reduction of only 4 percent in the national bronchitis mortality rates
for men of the same age in England and Wales. Enstrom (1983)
assessed mortality trends from COLD in a cohort of 10,130 physi-
cians in California. The standardized mortality ratio for bronchitis,
emphysema, and asthma among male California physicians relative
to American white men declined from 62 during the period 1950 to
1959 to 35 during the period 1970 to 1979.

In summary, cessation of smoking leads to a decreased risk for
mortality from COLD as compared with that of current smokers. The
residual risk of death for the ex-smoker is determined by the
person’s prior smoking status and the number of years of cessation.
However, the residual risk remains larger than that of the nonsmok-
er, presumably because of the presence of irreversible lung damage
acquired during prior smoking.

Pipe and Cigar Smoking Mortality From COLD

Several of the prospective epidemiological studies examined the
relationship between pipe and cigar smoking and mortality from
COLD. The data from these studies indicate that pipe smokers and
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TABLE 10.—COLD mortality ratios in male pipe and cigar
smokers, prospective studies

Type of smoking
Total
Non- Cigar Pipe pipe and  Cigarette
Study Category smoker  only only cigar only Mixed
American Cancer COLD total 1.00 1.29 1.77 2.85
Society 9-State Emphysema
Bronchitis
British doctors COLD total 1.00 9.33 24.67 11.33
Emphysema
Bronchitis 1.00 4.00 7.00 6.67
Canadian veterans COLD total
Emphysema 1.00 3.33 75 585
Bronchitis 1.00 357 2.11 11.42
American Cancer COLD total
Society 25-State Emphysema 1.00 137 6.55
Bronchitis
U.S. veterans COLD total 1.00 79 2.36 99 10.08
(B.5-year Emphysema 1.00 1.24 2.13 1.31 14.17
followup) Bronchitis 1.00 1.17 1.28 117 4.49
U.S. veterans COLD total 1.00 0.84* 1.44° 4754
(16-year Bronchitis,
followup) emphysema 1.00 2.53* 13.13*
! Mortality ratios for ages 55 to 64 only are presented.
* Pure cigar.
3 Pure pipe.
* Pure cigarette.

cigar smokers also experience higher mortality from COLD as
compared with nonsmokers. However, the risk of dying from COLD
is less than that of current cigarette smokers (Table 10).

International Comparison of COLD Death Rates and Smoking
Habits: The Emigrant Studies

Reid (1971) reported that age-adjusted mortality rates from
chronic nonspecific lung disease among British citizens varied with
migration patterns. British men living in the United Kingdom had a“
chronic, nonspecific lung disease death rate of 125 per 100,000,
whereas migrants to the United States experienced a mortality rate
of only 24 per 100,000, which is similar to the rate found in the U.S.
population. Differences in cigarette smoking and air pollution were
identified as the major factors contributing to the real excess in
bronchitis morbidity experienced by the British in the United-
Kingdom. Rogot (1978) conducted a study of British and Norwegian
emigrants to the United States. The mortality rate from chronic
nonspecific lung disease (CNSLD) in Great Britain is about fivefold
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that in the United States, whereas the mortality rate from CNSLD
in Norway is slightly lower than that in the United States. In
contrast, the British migrant rates were about equal to those of
native-born Americans and the Norwegian migrant rates were the
lowest. Mortality rates for CNSLD were higher for smokers than for
nonsmokers in all groups. These data suggest that ethnic origin
plays a minor role, if any, in determining COLD risk. Regardless of
country of origin, these studies indicate that tobacco smokers
experience higher mortality rates for COLD than do nonsmokers.

COLD Mortality Among Populations With Low Smoking Rates

Numerous studies have reported that certain population groups
who traditionally abstain from cigarette smoking for religious or
other reasons have lower mortality rates from those diseases
traditionally related to tobacco use. The 1982 and 1983 Reports of
the Surgeon General, The Health Consequences of Smoking
(USDHHS 1982, 1983), extensively reviewed this phenomenon as it
relates to cancer and cardiovascular diseases among Mormons,
Seventh Day Adventists, and others. Because Amish are seen as
strict and fundamentalist in outlook, it is assumed that their use of
tobacco is severely restricted. While cigarettes are largely considered
taboo, pipe and cigar smoking and tobacco chewing are widespread
(Hostetler 1968). Hamman et al. (1981) examined the major causes of
death in Old Order Amish people in three settlements in Indiana,
Ohio, and Pennsylvania to determine if their lifestyle altered their
mortality risk compared with neighboring non-Amish. Mortality
ratios from all respiratory diseases were significantly lower by over
80 percent in Amish men 40 to 69 years old, and by 50 percent in
those 70 and older. In the chronic pulmonary disease categories
including emphysema, bronchitis, and asthma, only one Amish male
death occurred, whereas approximately 23 were expected. The
pattern of mortality “~om chronic respiratory diseases was similar
for Amish women.

Summary and Conclusions

1. Data from both prospective and retrospective studies consis-
tently demonstrate a uniform increase in mortality from COLD
for cigarette smokers compared with nonsmokers. Cigarette
smoking is the major cause of COLD mortality for both men
and women in the United States.

2. The death rate from COLD is greater for men than for women,
most likely reflecting the differences in lifetime smoking
patterns, such as a smaller percentage of women smoking in
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past decades, and their smoking fewer cigarettes, inhaling less
deeply, and beginning to smoke later in life.

. Differences in lifetime smoking behavior are less marked for

younger age cohorts of smokers. The ratio of male to female
mortality from COLD is decreasing because of a more rapid rise
in mortality from COLD among women.

. The dose of tobacco exposure as measured by number of

cigarettes or duration of habit strongly affects the risk for
death from COLD in both men and women. Similarly, people
who inhale deeply experience an even higher risk for mortality
from COLD than those who do not inhale.

. Cessation of smoking eventually leads to a decreased risk of

mortality from COLD compared with that of continuing
smokers. The residual excess risk of death for the ex-smoker is
directly proportional to the overall lifetime exposure to ciga-
rette smoke and to the total number of years since one quit
smoking. However, the risk of COLD mortality among former
smokers does not decline to equal that of the never smoker
even after 20 years of cessation.

. Several prospective epidemiologic studies examined the rela-

tionship between pipe and cigar smoking and mortality from
COLD. Pipe smokers and cigar smokers also experience higher
mortality from COLD compared with nonsmokers; however,
the risk is less than that for cigarette smokers.

. There are substantial worldwide differences in mortality from

COLD. Some of these differences are due to variations in
terminology and in death certification in various countries.
Emigrant studies suggest that ethnic background is not the
major determinant for mortality risk due to COLD.
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Introduction

It is usual to think of chronic airflow obstruction as being caused
by airway narrowing or loss of airflow driving pressure—the elastic
recoil of the lung (Macklem 1971)—or both. Lesions of the airways
are often divided into those of the “large airways” and those of the
“small airways.” The reasons for this division are both historical and
conceptual. Hogg et al. (1968) showed that in patients with chronic
obstructive lung disease (COLD) the major site of airway obstruction
lay in airways that were peripheral to the wedged catheter that the
researchers used to partition airway resistance. The catheter was
wedged in airways 2 or 3 mm in diameter, and thus the airways
peripheral to the catheter included the smallest bronchi (airways
with cartilage in their walls) and bronchioles (conqucting airways
without cartilage in their walls). Since both bronchi and bronchioles
were involved, Hogg and associates used the term “small airways” to
describe them, which has since become a popular term. Conceptual-
ly, lesions of airways may consist of an intraluminal component
(mucus) or a mural component. Most of the mucus in the airways is
thought to be secreted by the tracheobronchial submucosal glands
(Reid 1960); these are mainly confined to airways more than 2 or 3
mm in diameter, or large airways. Because of the documented
association between chronic productive cough and airflow obstruc-
tion (Fletcher et al. 1959), for a long time it was thought by many
that intraluminal mucus was a major source of chronic airflow
obstruction. Thus, the notion developed, without proper substantia-
tion, that central airways obstruction was due to intraluminal
mucus and peripheral airway obstruction was due to inflammation
and narrowing. It is also true that many have equated emphysema
with loss of elastic recoil, but when this has been examined in vivo
(Park et al. 1970; Boushy et al. 1970; Gelb et al. 1973; Berend et al.
1979; Pare et al. 1982) or in excised lungs (Berend et al. 1980; Silvers
et al. 1980), the association has not been close, with some notable
exceptions (Niewoehner et al. 1975; Greaves and Colebatch 1980).
Thurlbeck (1983) reviewed the evidence and argued that loss of recoil
in emphysematous lungs may not be due to the lesions of emphyse-
ma per se but to defects in apparently morphologically normal
intervening lung tissue.

The classical approach to considering the different sites of flow
obstruction is used in this chapter to analyze the relationship
between smoking and the morphologic lesions associated with
chronic airflow obstruction in humans. Lesions of the large airways
(bronchi) are discussed first, followed by small airways, and then by
alveolated structures. It has very recently become apparent that it is
important to include respiratory bronchiolitis as well as emphysema
in the last category (Wright et al,, in press); this issue is discussed in
the paragraphs on peripheral (small) airways. Definitions and a brief
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review of the diseases involved are provided. This chapter attempts
to present the morphologic changes associated with chronic obstruc-
tive lung disease. The detailed epidemiologic and experimental
evidence relating cigarette smoking and COLD are presented
elsewhere in this Report.

Lesions Associated With Chronic Airflow Obstruction
Central Airways
Mucus

It is convenient to discuss intraluminal mucus and increased
tracheobronchial mucus gland size together, because they are -
thought to be related (Reid 1960). Chronic bronchitis is defined as -
“the condition of subjects with chronic or recurrent excess mucus
secretion into the bronchial tree” (Ciba Foundation Guest Sympo- -
sium 1959). Because there is no way to accurately measure the
amount of mucus secreted into the bronchi, the empirical approach
was taken that production of any sputum was abnormal. Chronic
was defined as “occurring on most days for at least 3 months of the
year for at least 2 successive years” (Ciba Foundation Guest
Symposium 1959). A further qualification was that such sputum
production should not be on the basis of specific diseases such as
tuberculosis, bronchiectasis, or lung cancer.

The initial step was to correlate chronic bronchitis, as defined
above, with lesions in the central airways. This was first done by
Reid (1960), who assessed gland size by comparing the thickness of
the submucosal bronchial mucus glands in histologic sections to the -
thickness of the bronchial wall. The latter was defined as the
distance from the basement membrane of the epithelium to the_
inner periochondrium. This measurement is now known as the Reid
Index. This increase has been confirmed by several observers
(Thurlbeck et al. 1963; Thurlbeck and Angus 1964; Mitchell et al.
1966; MacKenzie et al. 1969; Scott 1973), but not by all (Bath and
Yates 1968; Karpick et al. 1970). An important observation was that
there was a distinct overlap in the value of the Reid Index between
bronchitics and nonbronchitics (Thurlbeck and Angus 1964) as
opposed to Reid’s 1960 finding that there were two completely
separate groups. In practical terms, this meant that the Reid Index
had limitations in predicting the presence or absence of chronic
bronchitis. More important, it suggested a broad border between-
health (nonbronchitis) and disease (bronchitis). For a variety of
technical reasons (Jamal et al., in press), the Reid Index is a difficult
measurement to use; thus, other measurements of mucus gland size-
were developed. The most popular was the volume density of mucus
glands, i.e., the ratio of area of mucus glands to area of the entire
bronchial wall as seen on histologic slides (Hale et al. 1968; Dunnill
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et al. 1969; Takizawa and Thurlbeck 1971; Oberholzer et al. 1978).
Other methods included absolute gland size (Restrepo and Heard
1963; Bedrossian et al. 1971) and a radial intercept method (Alli
1975). The size of the acini (tubules) of mucus glands, the number per
unit area, and the ratio of mucus to serous tubules have alsc been
used (Reid 1960).

The Reid Index, the volume density of mucus glands, and the ratio
of mucus to serous acini have been examined in smokers and
nonsmokers; the results are shown in Table 1. When one considers
the overwhelming association between smoking and chronic bronchi-
tis in living subjects, differences in mucus gland size are insignifi-
cant. For example, three laboratories (Reid 1960; Thurlbeck et al.
1963; Thurlbeck and Angus 1964; Scott 1973) have found a difference
in Reid Index between smokers and nonsmokers; two have not (Bath
and Yates 1968; Hayes 1969). The results from volume density of
mucus glands are clearer—Ryder et al. (1971) found a higher volume
density of mucus glands in both male and female subjects. In
populations of mixed sex, Cosio et al. (1980) and Pratt et al. (1980)
found a higher volume density of glands, but Sobonya and Kleiner-
man (1972) and Scott (1973) did not. When observers have expressed
their morphologic findings as either “normal” or “abnormal” (using
different criteria), the smokers have been significantly abnormal in
all the studies (Field et al. 1966; Megahed et al. 1967; Petty et al.
1967; Vargha 1969). The balance of the evidence is that there is an
increase in mucus gland size in smokers. The discrepancy between
the clinical and the morphologic findings may reflect several factors:
the wide variation in mucus gland size in normal subjects, the
difficulties in measuring the Reid Index and volume density of
mucus glands, the different ways in which the cases have been
collected, and the errors inherent in assessing smoking histories-
from analysis of charts; also, the fact that mucus glands can enlarge
terminally (Helgason et al. 1970) might obscure true differences
between the two groups. In addition, submucosal gland enlargement
is a nonspecific change that can also occur in pneumoconiosis and
cystic fibrosis.

Mucus is also secreted by goblet cells, most of which are in the
major airways. Pratt et al. (1980) showed that goblet cells constituted
10.7 percent of the cells in the central airways of nonsmoking
nontextile workers and 20.4 percent in smoking nontextile workers.
Interestingly, they found an 18 percent frequency of goblet cells in
nonsmoking textile workers; the frequency was about the same in
smokers, whether or not they were textile workers.

Other Abnormalities of Central Airways

A variety of other changes have been described in the central
airways in patients with chronic airflow obstruction, including
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TABLE 1.—Comparison of mucus gland size in smokers
and nonsmokers

Findings in smoking category

Assessment of Light and
mucus gland Non- moderate  Heavy
enlargement Author smokers Smokers smokers smokers
Reid index Reid (1960) 0.46 0.43
Thurlbeck et al. (1963) 043 0.50 0.45 0.53
Thurlbeck and Angus (1964) 0.44 0.49
Bath and Yates (1968) 0.45 0.49
Hayes (1969) 0.32 0.33
Scott (1973) 0.41 0.46
Mucus gland Ryder et al. (1971) (men) 14.5% 17.8%
proportion Ryder et al. (1971) (women) 14.5% 17.1%
Sobonya and Kleinerman (1972) 11.2% 10.7%
Scott (1973) 14.1% 14.4%
Cosio et al. {1980) Increased
Pratt et al. (1980) 9.3% 12.6%
Frequency of cases Field et al. (1966) (men) 12% 37%
with MGH* expressed Field et al. (1966) (women) 18% 26%
as a percentage of  Megahed et al. (1967) 14% 61%
cases in the group  Petty et al. (1967) 8.8% 37%
Vargha (1969) 18% 44%

*MGH = Mucus gland hypertrophy.

inflammation and edema of the wall (Reid 1954), increase in
bronchial smooth muscle (Hossain and Heard 1970; Takizawa and
Thurlbeck 1971), and diminished cartilage, which is related more to
emphysema than to chronic bronchitis (Thurlbeck et al. 1974a).

Peripheral (Small) Airways

General Review

As indicated, it was as recent as 1968 that the obstruction in
patients with chronic airflow obstruction was conclusively shown to
be due mainly to lesions in airways less than 2 or 3 mm in diameter.
However, abnormalities in these airways had long been recognized.
Indeed, Laennec (1962) pointed out in 1826 that air remained
trapped in emphysematous lungs even when the major bronchi had
been opened, and he reasoned that the source of the air-trapping was
obstruction in the airways peripheral to the opened ones. Since then,
numerous descriptions have been made of the peripheral airways in
severe chronic airflow obstruction (see Table 2). Smokers were not
compared with nonsmokers in any of these series. The probable
reason is that for a long time it was thought that bronchiolitis was
an infective complication of chronic bronchitis. Only very recently,
and from studies in patients with mild chronic airflow obstruction,
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has the link between smoking and peripheral airway lesions become
established.

Hogg et al. (1968) not only found that the peripheral airways were
the site of airflow obstruction in patients with severe disease, but
also observed that peripheral airways contributed only about 15
percent of resistance to flow in normal lungs. It followed that
considerable disease could be present in these peripheral airways
without airway resistance being measurably increased. It was
reasoned also that standard tests of expiratory function, such as the
FEV: and the FEFy; 75, might not be abnormal in the presence of
significant disease. Thus a variety of “tests of small airway function”
were devised; these evolved to the single breath nitrogen washout
test and to flow volume studies, in some instances comparing the
effect of breathing helium mixtures with the effect of breathing
room air. It soon became apparent that these tests could be abnormal
when the FEV, was greater than the 80 percent predicted and that
tests of small airway function could return to normal after cessation
of smoking (Buist et al. 1976, 1979; Beck et al. 1981; Bouse et al.
1981). The term “small airways disease” was and is often applied to
these abnormalities. It then became of interest to determine what
the lesions in the airways were. Long before this, Reid (1955) had
studied nine lungs resected from patients with chronic bronchitis
and two lungs from chronic bronchitics obtained at autopsy. She
found excess intraluminal mucus and narrowing and obliteration of
airways, as assessed subjectively. Because the surgical patients also
had lung cancer, most likely they were chronic smokers. Matsuba
and Thurlbeck (1973) compared the airways of chronic bronchitics to
those of nonbronchitics in nonemphysematous lungs. All the bron-
chitics were smokers and two nonbronchitics were smokers. Morpho-
metrically, they found obvious narrowing of airways less than 2 mm
in diameter, which also contained excess mucus.

The important study by Cosio et al. (1978), using surgically
resected lungs, showed for the first time that abnormal tests of small
airway function were related to abnormal morphology. There were
34 smokers and 2 nonsmokers in their group. A variety of abnormali-
ties were observed, including inflammation, squamous cell metapla-
sia, ulceration, fibrosis, pigmentation, and increased muscle. They
developed a score that summed the observed lesions (the total
pathology score), and divided their patients into four groups on the
basis of this score. They showed that as the total pathology score
increased, tests of small airway function (single breath nitrogen test
and flows on air and helium mixtures) deteriorated, as did standard
tests of pulmonary function such as the FEV: and FEF3; 7. The data
concerning smoking are hard to interpret, but the smoking index
(number of cigarettes smoked per day times number of years
smoked) increased from groups I to III and was similar in groups 111
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TABLE 2.—Occurrence of lesions of peripheral airways in
patients with severe chronic airflow obstruction

Authors Disease investigated Abnormalities found

Laennec (1962) Emphysema Obstruction to flow in peripheral
airways

Spain and Kaufman Emphysema Mural inflammation and fibrosis

(1953)
Reid (1954)

Leopold and Gough
(1957)

McLean (1958)

Anderson and Foraker
(1962)

Pratt et al. (1965)

Anderson and Foraker
(1967)

Hogg et al. (1968)

Mitchell et al. (1968)

Bignon et al.
11969, 1970)

Karpick et al. (1970

Linhartova et al.
(1971)

Matsuba and Thurlbeck
(1972)

Linhartova et al.
(1973, 1974, 1977

Scott and Steiner

(1975)

Scott (1976}
Mitchell et al.
(1976)

Chronic bronchitis

Centrilobular emphysema

Emphysema

Emphysema

Centrilobular emphysema

Emphysema

Emphysema with severe
chronic airflow obstruction

Chronic airflow
obatruction and severe
emphysema

Cor pulmonale and
centrilobular emphysema

Respiratory failure
Emphysema

Severe emphysema and
chronic airflow limitation

Emphysema
Cor pulmonale
Chronic airflow obstruction

Chronic airflow obstruction
obstruction

of bronchioles

Bronchiolitis, bronchiolar oblit-
eration, and mucus plugging

Inflammation, fibrosis with
narrowing of 60% of bronchioles
supplying centrilobular space

Inflammation of proximal res-
piratory bronchioles, mucus
plugging, and loss of bronchioles

Collapse of bronchioles due to
loss of alveolar attachments

Loss or distortion of the
radial support of bronchioles

Loss of bronchioles in patients
under age 70

Inflammation and fibrosis of
bronchi and bronchioles and
mucus plugging

Inflammation, atrophy, goblet
cell metaplasia, squamous
metaplasia, and mucus plugs
in bronchioles

Inflammatory narrowing and
fibrosis, loss of bronchioles,
and mucus plugging

Goblet cell metaplasia

Plugging of bronchioles with
inflammatory cells and mucus

Loss of lumen of airways less
than 2 mm in diameter due
primarily to narrowing and
mucus plugs

Distortion, tortuosity, and
irregular narrowing of bronchioles

Lack of filling bronchioles of
less than 1 mm

Loss of airway lumen

Chronic inflammation (r=0.48),
narrowing (0.29), fibrosis (0.27),
goblet cell metaplasia (0.24),

and fewer small airways (-0.18)
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and IV. The lesions that were different in group II from lesions in
group I were squamous cell metaplasia, inflammation, and fibrosis.
Fibrosis and squamous cell metaplasia increased steadily from
groups I to III. Increased muscle and goblet cell metaplasia occurred
only in group IV. One extrapolation of these data is that inflamma-
tion in the peripheral airways is the initial event produced in
response to cigarette smoke. This inflammation leads to, or is
associated with, squamous metaplasia and mural fibrosis. Goblet cell
metaplasia and increase in muscle subsequently occur and are
associated with decrements of function.

Berend et al. (1979) did a similar study on 21 smokers and 1
nonsmoker, and added the important information that airway
narrowing occurred and was associated with abnormalities of the
single breath nitrogen washout test and the FEFss 15. The data were
reanalyzed subsequently (Berend et al. 1981b) and showed that
inflammation was the lesion associated with the most abnormalities
in tests of expiratory function. Airway inflammation was significant-
ly related to abnormalities of the FEV,, FEF3s 15, slope of phase III of
the single breath nitrogen test, and closing volume expressed as a
percentage of vital capacity. The authors also noted that as the total
pathology score got worse, the airways diminished in caliber in
surgically derived lungs, but not in autopsy lungs. They noted that
airway caliber was larger in autopsy lungs than surgical lungs, and
suggested that this represented functional narrowing due to in-
creased muscle tone, which was caused by release of mediators
affecting the muscle directly or reflexly.

Studies of lungs at autopsy have shown correlations between
airway lesions and abnormal tests of function. Petty et al. (1980,
1982) have shown that correlations exist between inflammation, and
increased muscle and elevations in the closing capacity; that
occlusion of airways by cells and mucus, inflammation, and in-
creased airway muscle are related to abnormalities of the slope of
phase III of the nitrogen washout; that airway narrowing is closely
related to the FEV, FEF2s 75, and slightly less well related to closing
capacity. Similarly, Berend et al. (1981a) showed an association
between post-mortem closing capacity and both peripheral airways
inflammation and a total pathology score. Decrease in maximum
flow at a transpulmonary pressure of 5 cm H:O was related to
inflammation and the total pathology score, but not as well related
to airway narrowing (Berend and Thurlbeck 1982). Morphologic
abnormalities similar to those found in autopsy lungs have been
found in surgically excised lungs derived almost entirely from
smokers, and these in turn have been related to abnormal tests of
small airway function.
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Smoking and Lesions of Peripheral (Small) Airways

An increase in goblet cells was the first abnormality of peripheral
airways noted in smokers. The observation was made in bituminous
coal workers. In nonsmokers, about 0.66 percent of peripheral
airway cells were found to be goblet cells; in smokers, this rose to
about 1.0 percent (Naeye et al 1971).

The critical observation, both factually and conceptually, was that
of Niewoehner et al. (1974). In an autopsy study of men under the
age of 40 who died suddenly elsewhere than in the hospital, they
compared lesions of bronchioles and respiratory bronchioles (airways
with both nonrespiratory epithelium and alveoli in their walls) in
smokers and nonsmokers. Emphysematous lungs were excluded, and
the smoking history was obtained by personal interview with close
relatives, using a standard questionnaire. The researchers found
that intraluminal mucus, mural edema, peribronchiolar pigment,
peribronchiolar fibrosis, denuded epithelium, mural inflammatory
cells, and respiratory bronchiolitis were more severe in the smokers.
The last three were significantly different statistically. They empha-
sized the importance of respiratory bronchiolitis, which consisted of
aggregates of brown macrophages in and around the first and second
order respiratory bronchioles and was associated with edema,
fibrosis, and epithelial hyperplasia in adjacent bronchioles and
alveolar walls. Bronchiolitis was found in all of the smokers, but in
only 5 of the 20 nonsmokers, and it was the lesion that showed the
greatest difference between smokers and nonsmokers. Since respira-
tory bronchiolitis was found in precisely the same regions where -
centrilobular emphysema is found in subjects 20 years older, the -
researchers suggested that this lesion might evolve into emphysema.
This observation fits well the proteolytic—antiproteolytic hypothesis
of the pathogenesis of emphysema. 7

Ebert and Terracio (1975} compared the peripheral airways in
resected lungs of 22 smokers and 3 nonsmokers and found that the
number of Clara cells (the tall nonciliated airway cells thought to be
secretory, although the nature of their secretion is not completely
certain) was diminished, as assessed subjectively, and the number of
goblet cells was increased, as assessed quantitatively.

Two laboratories have concentrated on the association between
smoking and lesions of vessels as well as of airways. One has used
autopsy-derived lungs (Cosio et al. 1980; Hale et al 1980); the other,
surgically excised lungs (Wright et al. 1983a, b, in press). The first
material has the advantage that the entire lung can be examined, -
but has the disadvantage that agonal changes may affect the airway;
the second has the advantage that agonal changes are absent and
structure-functional studies can be done, but has the serious
disadvantage that usually only a part of the lung is examined.
Because of the wide variation in severity of emphysema from lobe to
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lobe, emphysema in the whole lung cannot be assessed from a single
lobe. Also, airway inflammation may not be evenly distributed
through the airways (Berend 1981; Hale et al. 1980).

Cosio et al. (1980) studied 14 nonsmokers with an average age of
71.6 years and 25 long-term smokers with an average age of 58.4
vears. The total pathology score was significantly higher in the
smokers; in them, but not in the nonsmokers, the total pathology
score was significantly related to age. Respiratory bronchiolitis was
more common in the smokers, and of the components of the total
pathology score, goblet cell metaplasia (p < 0.001), inflammation of
the bronchiolar wall (p <0.01), and smooth muscle hypertrophy (p
< 0.05) were significantly more abnormal in the smokers. Smokers
had an excess of airways less than 400 p in diameter, also related to
the total pathology score. Because goblet cell metaplasia and
increased smooth muscle were not significantly increased in the
researchers’ previous study of young smokers (Niewoehner et al.
1974), they concluded that these lesions were a late complication of
cigarette smoking. They noted that there was a considerable
similarity of all lesions of both smokers and nonsmokers, and felt
that this indicated the existence of other causes of small airway
lesions. They also made the interesting suggestion that the relation-
ship between the total pathology score and the proportion of airways
less than 400 p in diameter might indicate a predisposition of
subjects with small airways to develop peripheral airway lesions.

Wright et al. (1983b) studied 9 nonsmokers, 51 current smokers, 18
ex-smokers who had quit less than 2 years, and 19 ex-smokers who
had quit more than 2 years. The only lesion of the bronchioles that
distinguished the nonsmokers from the smokers and the long-term
ex-smokers was goblet cell metaplasia, although there were obvious
differences in pulmonary function among these groups. The signifi-
cance of goblet cell metaplasia may be related to mucus production
in airways not usually lined by mucus. There is evidence that they
are lined by surfactant. If this is displaced by mucus with a higher
surface tension it will produce narrowing difficult to detect by
standard morphological methods. Respiratory bronchiolitis was
more severe in the smokers and ex-smokers than in the nonsmokers.
No differences were noted between the ex-smokers and smokers.
This study has recently been extended (Wright et al., in press), and
correlations between both bronchiolar inflammation and respiratory
bronchiolitis and the FEV, were evident. When the FEV; was greater
than the 80 percent predicted, the most important determinant of
abnormalities of tests of small airway function was respiratory
bronchiolitis. Thus, respiratory bronchiolitis may not only represent
a stage in the pathogenesis of centrilobular emphysema, but also
result in abnormalities of the single breath nitrogen test and other
tests of small airway function.
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It is not certain why cessation of smoking results in improvement -
of lung function. The most likely reversible parameter is inflamma-
tion; the lack of difference between nonsmokers and the other groups
in the study by Wright et al. (1983b) is very surprising in view of the
observations of Niewohner et al. (1974) and Cosio et al. (1980), but
may be due to the very small number of nonsmokers studied and the
fact that the nonsmokers had lung lesions for which resection was
performed. An additional factor is the use of lobes in the study,
which in the small group of normals may produce distortions in the
data because of lobar variations in the total pathology score.

Vascular Lesions Related to Smoking

At first sight it may appear surprising that vascular lesions are
detectable in asymptomatic smokers or those with only mild or
moderate chronic airflow obstruction. On reflection, this could be
anticipated. Severe chronic airflow obstruction, usually related to
smoking, is often accompanied by pulmonary artery hypertension;
mild chronic airflow obstruction might be associated with mild
pulmonary artery hypertension and vascular lesions. The first study
(Hale et al. 1980) involved the same cases reported by Cosio et al.
(1980). They found that the smokers had an increased number of
arteries less than 200 p in diameter and also an increased medial
and intimal thickness of the pulmonary arteries. The intimal
thickness was increased more in those vessels of less than 200 p in
diameter. Both intimal and medial thickness were directly related to
the total pathology score. Wright et al. (1983a) found an increase in
the vessel area from an average of 0.12 mm? in nonsmokers to
approximately 0.3 mm? in smokers. Intimal area expressed as a
proportion of vessel area increased; there was an absolute increase of
the medial area, but no proportional change. The adventitial area
also increased in absolute terms, but the adventitial proportional
area was decreased and was related to the pulmonary wedge
pressure. Pulmonary artery pressures were normal at rest, but
abnormal and reversible by oxygen on exercise in the smokers with
the worst airway inflammation and emphysema.

Emphysema

Of the lesions associated with chronic airflow obstruction, em-
physema has been the one most clearly associated with tobacco
smoking. There are several different types of emphysema, however,
and cigarette smoking has not been clearly linked to, or examined in,
all forms of the disorder. Therefore, the definition and classification
of emphysema are reviewed before discussing the association be-
tween smoking and emphysema.
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FIGURE 1.—Components of the acinus

NOTE: TB: terminal bronchiole; RB,. RB;, RBs: the three orders of respiratory bronchioles; AD: alveolar duct:
AS: alveolar sac.

SOURCE: Thurlbeck (1976).

Definition

Emphysema is defined as an abnormal enlargement of the air
spaces of the lung accompanied by destruction of alveolar walls
(World Health Organization 1961; American Thoracic Society 1962).
Thus, emphysema is a disorder of anatomy, and one must know the
appropriate normal anatomy in order to understand the pathology of
emphysema. The structure involved is the acinus, the unit gas-
exchanging structure of that part of the lung containing alveoli. The
last purely conducting airway is the terminal bronchiole; structures
distal to it constitute the acinus. The acinus is a complex unit, but a
simplified model will suffice (Figure 1). The structures immediately
before the terminal bronchiole are the respiratory bronchioles,
which, as indicated previously, have both alveoli and nonalveolated
epithelium forming their walls; thus, respiratory bronchioles both
conduct and exchange gas. Proceeding distally, progressively more
alveoli appear in the walls of respiratory bronchioles, of which there
are three orders in the usual model of the acinus. Alveolar ducts
succeed respiratory bronchioles, and their walls are entirely alveo-
lated. Alveolar ducts lead into alveolar sacs, the terminal respiratory
structures, which are likewise completely alveolated.

Classification

Emphysema is classified by the way it involves the acinus, and
four forms of emphysema are usually recognized (Thurlbeck 1976):
(1) proximal acinar emphysema, (2) panacinar (panlobular) emphyse-
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ma, (3) distal (paraseptal) acinar emphysema, and (4) irregular
emphysema.

Proximal Acinar Emphysema

In proximal acinar emphysema, the respiratory bronchioles are
selectively or dominantly involved. Emphysema involving the proxi-
mal part of the acinus is found in two different circumstances—
centrilobular emphysema and focal emphysema.

Proximal acinar emphysema is the common form of nonindustrial
emphysema and is associated with inflammation of the distal
airways (Leopold and Gough 1957) and of the walls of emphysema-
tous spaces. This form of emphysema is usually referred to as
centrilobular emphysema (Figure 2) because the lesions lie close to
the center of the secondary lobules. The emphysematous spaces are
found more frequently in the upper zones of the lungs, and
centrilobular emphysema is usually more severe there (Thurlbeck
1963a). Involvement of the lung is characteristically quite uneven;
some respiratory bronchioles are spared or slightly involved,
whereas others close by may be severely affected, producing large
emphysematous spaces. Centrilobular emphysema is frequently
associated with chronic bronchitis, and is the form of emphysema
most commonly encountered in patients with symptomatic chronic
airflow obstruction.

Focal emphysema, or simple pneumoconiosis of coalworkers, also
involves the proximal part of the acinus. It can be distinguished from
centrilobular emphysema in that there is always a heavy deposit of
coal around the emphysematous spaces, the enlargement of respira-
tory bronchioles is usually moderate, and the process is more
uniform through the lung. Simple pneumoconiosis is usually associ-
ated with only mild impairment of function, producing only minor
abnormalities of gas exchange (Morgan and Seaton 1975).

Panacinar (Panlobular} Emphysema

In panacinar or panlobular emphysema, there is more or less
uniform involvement of the acinus (Figure 3). Controversy exists
concerning the distinction between centrilobular and panacinar
emphysema; some believe them to be different conditions (Anderson
and Foraker 1973), but others believe them to have the same clinical
and functional associations (Mitchell et al. 1970). The reason for this -
disagreement is discussed below. Four different associations of
panacinar emphysema are described (Thurlbeck 1976), each with its
specific clinicopathologic associations. This view is not shared by all,
however.

The classical association of panacinar emphysema is with a,-
antitrypsin deficiency (Eriksson 1965), most commonly with the PiZ
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FIGURE 2.—Centrilobular emphysema
NOTE: See footnote to Figure 1 for defini

tions
SOURCE: Thurlbeck (1976).

Septum

FIGURE 3.—Panlobular emphysema
NOTE: See footnote to Figure 1 for de

finitions.
SOURCE: Thurlbeck (1976),
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phenotype. It is probable that other forms of Pi-associated emphyse-
ma, such as PiSZ, are also panacinar in type. Familial emphysema
unassociated with a,-antiprotease deficiency has been shown to be
panacinar (Martelli et al. 1974). Familial emphysema is characteris-
tically worse in the lower zones of the lung. Severe, pure panacinar
emphysema is uncommon.

Localized panacinar emphysema is found fairly frequently at
autopsy (Thurlbeck 1963a). It is found more commonly in older
people and is usually not associated with clinical evidence of chronic
airflow obstruction. Under these circumstances, it is more frequent
in the lower and anterior parts of the lung. It may represent a focal
exaggeration of the aging process in the lung, which includes a well
documented set of changes (Thurlbeck 1976), including changes in
the shape of the lung with an increase in anteroposterior diameter,
loss of volume density of alveolar walls, increase in the distance
between alveolar walls, decrease of alveolar surface area, increase in
volume density of alveolar ducts, and decrease of volume density of -
alveoli. The reason for referring to these changes with age as the
“aging lung” rather than “senile emphysema” is that it is a normal
change, affecting virtually all people. The definiticn of emphysema
requires that the enlargment and destruction of respiratory tissue be
abnormal; therefore, it is probably inappropriate to categorize these
changes as emphysema.

Bronchial and bronchiolar obliteration may be associated with
panacinar emphysema. Most commonly it is associated with Swyer-
James (1953) or MaclL.eod’s (1954) syndrome of unilateral pulmonary
hyperlucency, in which one lung or a major portion of the lung is
unduly transradiant. The involved region or regions of the lung
characteristically trap air on expiration so that the mediastinum
then moves to the unaffected side. The syndrome is usually due to
severe acute bronchitis and bronchiolitis in childhood, resulting in
obliteration of airways. A detailed study of the lung parenchyma in
cases of unilateral pulmonary transradiancy has never been
reported, but it seems likely that emphysema may not be present in
the affected lung tissue. However, when emphysema is present, it is
panacinar in type.

Panacinar emphysema may be found in the lower zones of the lung
in patients with upper zonal centrilobular emphysema. The combi-
nation of the two forms of emphysema is probably the classical -
finding in patients with severe chronic airflow obstruction, and it is
also one reason for the controversy concerning similarities or
differences between centrilobular and panacinar emphysema. Tran-
sitions, real or imagined, may be apparent between the upper zonal -
centrilobular emphysematous spaces and lower zonal panacinar
emphysema in this situation. Some believe the transitions are real,
and maintain that centrilobular emphysema has progressed to
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FIGURE 4.—Distal or paraseptal acinar emphysema
NOTE: See footnote to Figure 1 for definitions.
SOURCE: Thurlbeck (1976).

panacinar emphysema and that these lungs should be classified as
examples of centrilobular emphysema. Others feel that it is panaci-
nar emphysema, and thus the same lung may be classified different-
ly.

Distal (Paraseptal) Acinar Emphysema

Distal (paraseptal) acinar emphysema is the third generally
recognized form of emphysema. In this form, the alveolar ducts and
sacs are predominantly involved, and there may be substantial
associated fibrosis (Figure 4). Since the distal acinus abuts on pleura,
vessels, airways, and lobular septa, the emphysema is worse in these
regions. The occurrence of distal acinar emphysema along the
lobular septa had led to the term “paraseptal emphysema.” A
characteristic clinical association of distal acinar emphysema is
spontaneous pneumothorax of young adults (Edge et al. 1966).

rregular Emphysema

In irregular emphysema, the acinus is irregularly enlarged (Figure
3). It is nearly always associated with scarring. It may be the most
'ommon form of emphysema, because nearly all lungs on close
xamination will disclose a scar associated with emphysema. The
najority of these examples of irregular emphysema are unassociated
vith symptoms.
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TIGURE 5.—Irregular emphysema
NOTE: See footnote to Figure 1 for definitions.
SOURCE: Thurlbeck (1976).

Tobacco Smoking and Emphysema

The apparently neat and orderly classification described above and
the classical examples of emphysema illustrated in original articles
and monographs should not obscure the lack of agreement between
expert observers in the classification of severely emphysematous
lungs (Thurlbeck et al. 1968, Mitchell et al. 1970). Severe emphyse-
ma is usually atypical in morphology, and often more than one type -
of emphysema is present. It might be more rational to speak of “end
stage emphysema” when describing an extensively damaged lung,
rather than attempting to fit all of the damage under one classifica-
tion.

These differences in classification may lead to differing assess-
ments of degrees of association between smoking and individual
forms of emphysema. For example, Anderson and Foraker (1973)
found that all of their 21 patients with centrilobular emphysema
were cigarette smokers, whereas 8 of the 17 patients with panacinar
emphysema were cigarette smokers. Contrarily, Mitchell et al. (1970)
found that 20 of their 21 patients with centrilobular emphysema
were cigarette smokers and all 6 of their patients with panacinar
emphysema were cigarette smokers.

Including all of the different abnormalities described above under
the single term “emphysema” may lead to confusion about the
relationship between smoking and emphysema. Each of the different
forms of emphysema may have different etiologies; while cigarette
smoking is clearly implicated in the etiology of centrilobular
emphysema (Mitchell et al. 1970, Anderson and Foraker 1973), it
may not play a role in irregular or distal acinar emphysema and is
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clearly not implicated in the etiology of unilateral pulmonary
transradiancy.
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recognized. Thurlbeck (1976) reviewed the incidence of emphysema
found at autopsy in 28 series. An extremely wide variation has been
recorded, including three series with an incidence of 100 percent.
The variation in incidence probably represents the care with which
the lung is examined and the threshold for defining emphysema
being present as much as a true difference in incidence.

It is not relevant to the present discussion whether rare or
unusual disease processes can cause abnormal enlargement of the
air spaces or whether, after careful and exhaustive search, all lungs
demonstrate minute areas of focal enlargement. The lung has
substantial ventilatory reserve; therefore, what is significant is not
the presence or absence of any emphysema, but rather the extent or
severity of the emphysematous change in the lung. What is both
clear and relevant to the present discussion is that the relationship
between smoking and emphysema represents an association between
smoking and the severity of emphysema, and that the relationship is
between smoking and those forms of emphysema commonly found in
patients with COLD.

In 1963, clinicopathologic findings (Thurlbeck 1963b) in a group of
patients dying at the Massachusetts General Hospital showed that
18 of 38 patients without emphysema were cigarette smokers,
whereas all of the 19 patients with severe emphysema were cigarette
smokers. A formal study of the relationship between emphysema
and smoking was first made by Anderson et al. (1964), who showed
that one-third of patients without emphysema, 19 of 37 patients with
mild emphysema, 19 of 23 patients with moderate emphysema, and
all 6 patients with severe emphysema were smokers. In 1966, an
extended study (Anderson et al. 1966) found in the four groups,
respectively, that 12 of 33 patients, 58 of 84 patients, 30 of 33
patients, and 14 of 15 patients were smokers. Mitchell et al. (1964)
found 62 smokers among 85 patients with no or mild emphysema
and 39 smokers among 40 patients with moderate or severe
emphysema. These researchers also extended their series (Petty et
al. 1967) and found 6 nonsmokers among 57 patients with moderate
emphysema and 1 nonsmoker among 61 patients with severe
emphysema. A very dramatic difference was shown between smokers
and nonsmokers by Ryder et al. (1971). Figures 6 and 7 indicate very
graphically the rarity of emphysema of even moderate severity in
nonsmokers and the high incidence of emphysema in smokers over
50 years of age. Of the 21 patients in their series whose lungs had a
more than 25 percent involvement by emphysema, only 1 was a
nonsmoker.
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FIGURE 6.—Percentage of lung occupied by emphysema in

nonsmokers
SOURCE: Ryder et al. (1971)

Only a small effect of smoking was noted in coal miners by Naeye
et al. (1971), an increase from 24.3 percent of the lung involved in
nonsmokers to 30 percent in smokers. A much greater effect of
smoking was noted by Auerbach et al. (1972), who studied lungs from
2,613 autopsies and were able to obtain smoking histories in 1,831 of
the patients. They found that 10 percent of male patients who had
not smoked had emphysema; this percentage rose to 53.5 percent for
pipe smokers and cigar smokers, 86.9 percent for smokers of less
than a pack per day, and 99.7 percent for smokers of more than a
pack per day. Of the 130 patients with severe emphysema, 126
smoked more than a pack a day, 2 smoked less than a pack, 2 were
pipe or cigar smokers, and none were nonsmokers. Their findings
were subsequently extended and confirmed by histologic examina-
tion of these lungs (Auerbach et al. 1974). Findings in women were
similar. Spain et al. (1973) studied lungs from 134 persons who died
suddenly and unexpectedly and who had no previous known
pulmonary disease. In men, they found an incidence of emphysema
of more than grade 20 (mild emphysema) of 10 percent in nonsmok-
ers, 36 percent in smokers of less than a pack per day, and 39 percent
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FIGURE 7.—Percentage of lung occupied by emphysema in

smokers
SOURCE: Ryder et al. (1971).

in smokers of more than a pack. In women the incidences in the
same categories were O, 17, and 23 percent, respectively. Bonfiglio
and Schenk (1974) found that the diagnosis of emphysema was made
in 40 percent of autopsy protocols from smokers and in 12 percent
from nonsmokers.

Using the autopsy populations of teaching hospitals in three
separate cities, Thurlbeck et al. (1974b) reported the average
emphysema score per decade for male and female nonsmokers
(Figure 8) and for male and female smokers combined with ex-
smokers (Figure 9). The severity of emphysema is expressed using
the panel grading method (Thurlbeck et al. 1970). With this method,
a score of up to 25 is "mild emphysema.” As Figure 8 indicates, in
nonsmokers there is an increasing average severity of emphysema
with age, starting in the fifth decade, reaching an average score in
the eighth and ninth decades of 10 to 15 in men and 4 to 6 in women.
There is a dramatic difference in male heavy smokers and ex-
smokers, for whom the average score of 25 to 30 in the seventh
decade is maintained for the next two decades. The number of heavy
smoking and ex-smoking women is very small, and the effects in
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women are more modest, with an average emphysema score of 8 to
12 from the sixth to the ninth decade.

Pratt et al. (1980) studied the effect of smoking on cotton textile
workers and on workers not exposed to cotton. They found that the
incidence of centrilobular emphysema was 6.7 percent in non-
smoking non-cotton-textile workers, 6.9 percent in nonsmoking
cotton-textile workers, 26.5 percent in smoking non-cotton-textile
workers, and 26.2 percent in smoking cotton-textile workers. The
variation in the incidence of centrilobular emphysema involving
more than 25 percent of the lung was even more dramatic—1.1, 0.4,
11.0, and 12.6 percent for the respective categories.

Thus, despite the limitations in interpretation of the types of
emphysema and in recognition of the presence of emphysema, the
association between smoking and emphysema—particularly severe
emphysema—is overwhelming. In the various series referred to, of
the 227 patients with severe emphysema, only 3 were nonsmokers.

Summary and Conclusions

1. Smoking induces changes in multiple areas of the lung, and the
effects in the different areas may be independent of each other.
In the bronchi (the large airways), smoking results in a modest
increase in size of the tracheobronchial glands, associated with
an increase in secretion of mucus, and in an increased number
of goblet cells.

2. In the small airways (conducting airways 2 or 3 mm or less in
diameter consisting of the smallest bronchi and bronchioles) a
number of lesions are apparent. The initial response to
smoking is probably inflammation, with associated ulceration
and squamous metaplasia. Fibrosis, increased muscle mass,
narrowing of the airways, and an increase in the number of
goblet cells follow.

3. Inflammation appears to be the major determinant of small
airways dysfunction and may be reversible after cessation of
smoking.

4. The most obvious difference between smokers and nonsmokers
is respiratory bronchiolitis. This lesion may be an important
cause of abnormalities in tests of small airways function, and
may be involved in the pathogenesis of centrilobular emphyse-
ma. The severity of emphysema is clearly associated with
smoking, and severe emphysema is confined largely to smok-
ers.
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